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AQUEOUS INK COMPOSITION FOR USE IN INKJET PRINTER 



PROBLEM TO BE SOLVED: To obtain an aqueous ink composition for inkjet recording 
that gives reliable printing performance and gives a recorded image having chroma equal 
to or superior to that of the corresponding dye-based ink prepared by using a 
water-soluble dye and has durability to a special paper and an ordinary paper. 

SOLUTION: The aqueous ink composition for inkjet recording comprises water as the 
main solvent, at least one vat dye and at least one micelle-forming component. The 
micelle-forming component forms a micelle in an aqueous solution having a pH of higher 
than 8 wherein the micelle has an average diameter of greater than 20 nm to smaller than 
1 50 nm as measured by photon correlation spectrometry. 
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T*. iM**'*-XK:t/fc-f:>f (i. £<©El&K*tt 

aftt-cja*s*i*w^tt©*.^««jtc^-3-r«,>s. is 

mZHtcJtWU* -j£©«#tt*W-r S C $ 
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©&£ S£*a««:*»i>r&fii"r*4. U^L 
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£^-X<Ct,/c*tlE:-r5 ^>f 4it^T. ttiltfCCftl, 

fit. »»*^-^fcLfc»i&-4-*-r> fitter. 

Y>f 4i^^«±©^s^wu. #ffl«£K^ i ;r^<# 
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^-XtC Ufc-f >f tB-SP»©a«ffi**9l6*>tC3 flTK 

[0 0 0 5 ] WXtttC«nfc**-^?L4C4*sr#4Jft 
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3*t©8Sn a D ©ttfc9&tS i grma-A Idri chttS 

*0«i*tj:at2C*ff-5fctt*. »{bSiJ-e**ji»{b* 

T»TLfcii»ec fciac ofc. c ©*SBtt*l*£flI4U:it 
*»iS*«ifflOr3 0 0 0 r P m-efSmtC^Sf S4a 

2 C'C«ffl3n-Ci»4l3«l©»fWJ©?¥a , r5KSL'fc 

A©iM*nnrc«. * ^ -**rjiiMt***» 

*Dl/fc^KH(**dtf*Statf*3&«i«RO. P r e m i e 
r Mil ltt«(*H. -OJ/jUHiTW, Uf^> 
if) ©K S I FSacw F5/H63MLfcy-!M*;i/# 
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JVC 2 4B#W5 y>d^L/fc©%. S^J?:5 5 *n>© 
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*£&TSC4KMUTtf. ^©&^lMX#ttl 0 0 10 
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5 0 n mJ; 5 -feMMffi 
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**/J«KWA ifcftSCtteJliOtt^-f XW 1 5 0 n 

^.-SfcibCCii. ^FlSjittS*! 1 5 0 nmJ:<3^3C»5-bJU 
t3fttfi5tJWft*tf»iW*H». ¥$it&#l 2 
0 n m«fc 0 /hS t» 3 -bJViBSSLf i> 3 -feil^fiSfiS^r* 

[0 0 2 8] 3(C«W©»W*13:. 

ISflE*»S?t«>«:B5-b^JKfiJclsS»«. 8<fc9i«^pH 30 

e.*i>ci%^flufc. cotUBKo^rtt. ^-*>4 

^';7^t>tCl!6n4I413^T*5^, 2-^ 
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£3e-C&-2>., 5 feA*fi^#©«14<b*W©** 
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-£©/cSt>, fc4?Ui\ NMR. 
I R. HPLCJCJ:iS*;HKSSfiS»©fflE«:aS[Ofc 
1»jft©#«ttW©«6K:. fc4*.«»l»±©'B1»«fc3ti, 
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[0029] #&BJ© 5 -to JWBfiJUS#(C*t-r 
fcTft^*J© ^©-HflBSSSfc^tcinT : 

[0030] 
[ft 13 




(Br. l 0&OL2 0©IBHtc** : p»£$HK <v 
5) T? <J Is- blcM-rZ^-ttJteV. 2 0&C»L4 0© 
IBffltc*^ ; •€-bTZB*3R (H) (C 
H, ) ±©2 7"a » *ftS^flc«. '2$&v>-ftm 

©iI:Zhong, X. F. , Varshney. 
S. N. iJJrO'E isenbergr, A. , Macro 
molecules, 1 9 92, 2 5, 7 1 6 0-7 

1 6 7*J<fcc>*C a o . T. . Munk, P. , Rami 
reddy, C. . Tuzar. Z. , Webber, 
S. E. , Macromolecules, 1991. 

2 4. 6 3 0 0-6 3 1 0{C{t^©^*si2SS$n-CC^ 
S„ C©* A y<D2-7u?tnm&m£P o 1 yme r 

Source Inc. K — 

;<JlO *>6l*A-r-SC£*>iT?SS. ±f3{fc^©<fc^«t 
j£#>6##>£«fc5CC, COftMBp H«f*S8 J: 0?l60* 

[0031] ^^©stJi^ifijua^tcjttr**^** 
fcrfk^»©w©f -f ?'©— «»as:*^tc^T : 

[003 2] 

[fb2] 



(jX)OH 

HO qH i. 

OH OH 



(poo 



/ 

CH+-O — qH 



r 



CH 2 

R 



CH 2 



CH 2 — CH 2 



CH 2 
CH 2 

R R 

I, 1 4©fSHfc£>* ; nlJ2tti>l/ 1 2<D«1K*4 ; 

r A'* jl-t y -/i/. t y y a,* fctiSSRjBmRai 5 *c* 
o 2 o <d«& f y y ji-s-c * z . ±§a< b*«a»» <~> <e 6 

[0033] ±.t&it&m>* »J =f«W»«, r 



1 /' 

-J n 



<pOOH 

H-<p-OH 

O— <pH 

H-<p-OH 

H"<p-OH 

A CH 2 
I 

_N-CH 2 
k 

CH 2 



CH 2 — CH 2 

R R 



5 >^%i: L-Ctf frflS. 

0 [0034] 
[fb3] 



H 2 N V 



CH 2 -CH 2 



chT 

H 2 N 

CC-C. ntt2&l<>0 1 2©»HtC*4. n*4<D»tt 
^>;r;>IJ. DSMNew Business De 
ve 1 opment (=*-^>#) TAs t ramo 
1 Am4 j ©^-CflflRSnri,^. »#J©#t£T 5 

»£. -IKSCR-CHO (CcijRttf'J-A. K»T 



CH 2 

:h 2 



-NH 2 



CH 2 — CH 2 

NH 2 



2, 3 - U^u>£>**->) 
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JbfbF. 1 -l-v.&A/ft F. 2 -^7 5rjU-rb F. 
4-^h+->-l-t7$Jl'fbK. 4 - b:? *x;l/*7 

F, 4-7x/+->^>X7JVftF. 2-7JL.^U> 
^^^f+i'TJU^b F. 3 — i>y;tt+^ /, ^X7Jl' 
ftF, 4 -<>y W->^/X7Af t F, 3- 

(4-^ s-S^U) <>X7Jl'ft F. 9 — T 

>F7^fbK, 2 — 

>X7Af b F, 3 — i>yjU* + ^-4 -y F+i"< 

>xr;ifb F*JJ:tf4-^>s;;U:**->- 3 F* 10 
S>-^>XTJl/-rt F. 

[003 5] *«W© -C > *fflfiE«Ttp©i£SSjm©SSX 
0. lftt>04 0*S%5*JU»fiSdE#a*»*tA». 
[0 03 6}* 

r7Kttffl^<«f*j 4(X. tK. 7KiiS«]TS«^. 

£01>S«. 50ftl»t99. 8a%?*$. 20 
[0 03 7] *4®m-*£i§$ 

ns-o^ie^oja^icts-jr i -ps/cb^©^® 
fti§^tt«fc<*o6iTC*j>) < ^©m*tfft«#:©ii9 

•C*-£ : (1) ^y^ , ntr;UTiU=i-Jl'. V^TAa 
-^Jtedrflorjun-^JH, (2) y-fe F>. y^-jux?- 

F>ft4©<!r F>S. (3) ?F7bFa77>. 
^tf*+r>ft4'©x-7 v ;H8(. (4) BfStx^jU. 
bU>*7--;t<*--Fft4'©x;*-y-;U3I. (5)x^U> 30 

^u^^'j =j-;u. F';xfu>^U3-jK rF7x 
fu>i^j3-Jk i. 2 — ;>2>^*-;i/. l, 2 

#'JJfU>yj3-A, *';t" 

ntu>j";3-A, l, 2, 6 — I- iM--*. 
3-ju^i'©^ffir^3-j^, (6) yxf 

U>^'V 3-JU-*X -n -•T'^-;1/X-7 U ;U, F'Jx^ 
uy^j3-Jl/-t-/-n-^Ax-fA. yx? u 
y^^-^-tz-n-^^x-f^ i^ab 40 
b > y; =3 — }\>*:J ^;UX - ^-)^<D^%Tl\y^ — A 
©TJU+JL-X-tMI/SI, (7)J3?3¥t bD'JF>> N- 
y^-2-boy F >ft 4'©^S3R-ffc^<8J*J <fc 
(8) i^y 2-)VX)l>fr d Fi' F. tF^yfl/^W* 
:> F ft irod*lt{b^». iO'MF tttSfStttt fc©"C 
ftt,>C4B-g i 5*-C4>ftt,>U ^^©-OJ'ia^&iW 

[0 03 8] **t£l:|*iEJSttJH 

#»b©-< aaaw-jTtfcAnis 50 
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©W**lf *!«#©« ST** : T-fe*U>Jfi5?:f-JU 
x*u>rt^tM Fttfim*. K«TiU3-;i/x^u>* 
FtfM*, 7*+;i'7s y-jux?u>**i>--f 
Kttflnt*. JKftr^+^r 5>x7-u->:f*-i^ Fttfln 

ft. x? U>^tf-/ F7-Bb-U>t+t-f F^S^tt 
JBJr^yx-TTju^^^ii/^y^o^-^-v. lo 
U.X M*fifSttfc4>©rttC»C <btt*5*r<>&C>U 

**w©*>*^**«r*t>©-r«>tti». sva*. 

htf. te©l?ffiS14S>J4>^fflaitfe-C&»3. *>-3*«W(0 

[003 9] ^dM<OOi» 
pHte#8£9iSlW>*l&^9£f#£/c*CC. 

Ki*. ±tciatSLfcj&#©ffe&c > se,tcia«ccioS!fc 
«««©*«**** c&*«t**. mttStcw: 

^ttF'^A. ★MftJ&y^A. jfcBMU'ty'JA. 
*BKfc-fe->^A. y>*xy. y^;UT5>. y^f^ 

^*';>, t^x$/-;l-75 >, i/x.jn s-}V7Z 
>, F 1; X^f ^— JUT 5 F y ■fv7n^'/-A7 3 

>. N-y ^;u*^x^,/-jut N, N-yyf 
;v*-/x5j y~)vy 5 >. N-y *;Ui^x £ ^-;i-t 5 
> *j-«t o'TK&fb -r F7^fjL-7>*x-5A. tg&mam 
©ftetc. d6ecn.*(cpH«iiin. 

«©«E»©«6»tcW!JiJ«clMIH«tt«,>. -T > ?©£/&#© 
SIX. 0>0«Ba*iWilZOftl>l4 0dyne/ 
cm©fiffltc. tur-f>f©ttKBftl. 0ftl»H 
0. OmPa • s©«HK:*n* , *aiK*4«*:5K:»K<* 

[0 04 0] -f >d»©SWl 

*»P©-f>*fflJ«»B. «l»WCtm»a>ft*&*n©2F 

L/c J: <5 «:«8s«m©asStifc?IiS14n W 3tM/JfiS 
3S*flefflr**ffi». **W#©* t t'«:Sffi<c«'l«R* 
i?x. ft*> o /c. 4:Ai»©fc£Q:Sft%«4^lftifi«MH^- 
Sfctf>K<gffl-Ci*.5 77 ffitX . ^^*f4©^» ffWrMf bM 

^Ji/**VF. x;u*;7>. N-y^ju- 2 -fn>; f 
>. ^f;l/t^A7? F, ^fWF75 Kfej; 
CJf^+lM ****** 3 Ffei'©. gtt©^C^t»?g 

«^©«i9^n{ts»fiia!sm©««^ttffl ?n*. 

[004 1] Wffl^f 1 o©*iSK*Jl>rB. «Wcc. it> 
ft < 4 *> 1 o©a^SSf44ii>ft < 4 1 o© 5 -fe;HBfiR 
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fT©Si&&W#^©^W«&*S#K?8W *g£l> 
«. aaeftfsKDflBHi. s*;uff$i^#©fti&«fni!fc£ 

^tt««E*JjnA-5i«SWft«i 5*;WBdWc#©Pi#* 

-C*tt*SS?g?g*(c^t5($-ttS 0 *«•»«*©**©« 

»RI©pHfiA58 J:<3i£< 1 OfcTFtf £©«:+#& 

tbX. fttttttS. J: v-tn^os^ft** 

if€,ci*5-e*-5 0 -e©W{*. ±f2 r^-cDffe©sR^j © 
jkcjw;s*vci»4. 20 
[0 042 ] ±ia©*fc£3K ccMi-cffil-ct^MoWffl 
fc^Sfcii^-ai. *wcc. jl>fc< i h l o©«*fttt 

m^mc^-To ±K©J:^K. 5-bii/»JSEia»«*. i» 
iSj-tCfr-o/ce, *©*»-*««c#*tt*» 

©its. «tt©*c»w««*©«acc«fc^t:«. c©^ 

tits. fflf**sit«i,fc«te«-eft*$M*u stf*. 

jr o a*» fcw^t*. *aa««l*ftiAr*»3 
g#4>*. ±te©<fc^K: < #istH©Wffl&iti8?88K*. 
r^3-Ji/3»i^h>St?*4. C©Hf**Stl83l*fc 
tftl*. 3'J>^. ADM. H***HI*fcttC*i& 

©7?i*©ffl^fe^^J:o-C7ktt«*^«*tc»t5(3ti: 40 

[004 3 ] ±ia©2o©^S©l>-r*a*>JCj:^-Cf#6 

T4fc»©-f>2©lB£«e«ffl-*-Siiiftc. £i»©#8fc 

9>©?ia*«»Kia»i"J-*ci«:J:or. jfi#I©3-te 

tc». »»Stiftl,>^iHS»<:l»<fc«)K»««*fc» 50 
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^ Jl/ jr 4 y > 7" 5 > 7 -f * * ©W*#<£« ^IfifeT* i . 

o^.y> jr^» K{ciassnfcyxji/©fss v ornate ' 

fcia^T*. -f :>*©E£jMKfc>-3fc6. *©B6CCJ: 
[0 04 4 ] aaNcjB*S*i**Htttt(,>#. l»<o*» 

#t»sa*»e>ii4fc©£«£6*i*. nri©ssii;£. * 
a*. #8i&*4y©a«*S£Lr«fli!S*i4t:£-c* 
t »j« 0 a wn «sc h tt t » i 1 o r 5 ■fe jub 

l«fifc4Jtt. *6«»**fHBtt«:»L/r, 2o©RttS^ 
i'^eJSR-SiS^tClESStiS. S^cS^Of f© 

int. *ttfaai*©i«» j F-*w»r**). ^^-73© 

j, *fct^^?-«©rt*&Bluktt©fl:£«'r* 
■5.. *&8?8^K8a>0/cB#{CCft6©£^^&i'e<'lS 

^rtt^flSfrSMcttT'a 5- 3 -fe;i-©3r(cRiBt3 
n. pj?Stt©^^««M^p » *tt. a-fe^tiWlW* 

A* A -fit, i: < » 6*ifc«JWM 5 -fe ;u<t ^SWtciifti 
ri>**J. 3-feju©A#3«-enj;<3(i-5*>{c^#< . 

*«ciffl»bttl.»»*1Sfe©«W-C**fc«>. SSfK©i^*tt 

«ntcc5S«,>»wtt*mr. cert, at&^^wsn* 

SaBttl>#. 8Mctt©»Sft«i*4**. **W©5-b^© 

n 6«»!ftf4»»«©S«tt«:^* < 5 1 1 ^ *U 
^l*tfc6r«>©4J8L*>ti*.. 

too45] «*ft«««»»iw«*«»6nswz©a 

Stt,- aujcttCSBftftW**. i*7Kt4©#SES4 Or 3 -te 

;u©«*tt=irrtcca#stirc»*c4K:*4fc©iJS' 
*«w<[«srtticJ:*i«. < 1 4> 1 o©ai* 

oyski<>mmicmtR2tiz>. *aw©5t;uji5RSi«»^-© 

2-50^P7>B, «t4©*t>W«««1 J t?3*at»W 

^j, *ttjws*©aB^4rac;*/^ -j-tttot. 

i^*t4© art «*tt«B»©» < b fc«W»-e»fiS 4 

ci*igt3ns, «!Mg!^ca(^fc^©^3Et^i'©lti6lSfe 
cert, miH:jiBWsn*«iattai»#. ^?Ktt 



tws©*wtt«:*& < mm?* ± i o o ©«** <> 

[004 6] £j£&*^*4#»*#»5*i**3©ffl 
K9ffr«lt(Ci93M C £ tc** «>©<»: Bfetl*. 

.tis©* i o*tt-c». «j-ft««*i»6ti*ta-ca:iR 
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:T. C©$r^©tfciR#5*^©3T*«rr£«fflJt3 
[0047] 

[004 8] 5 -feJUJgfiXfiS^ 

TK©— HSC-C*S ft* 5 * JHBSBdt#*JilT© «t ^ CC 

[0049] 
Hfc4] 



<jXX)H 
HO C*H ^CH 

FT 

OH OH 



<jX)OH 

f 

OH 



lpH 2 
R 



CH 2 

CH 2 -CH 2 



<pOOH 
H-<j>"OH 
*CH-|-0— CpH 

H-C-OH 
H-ip-OH 
X CH 2 



CH 2 



CH 2 



CH 2 
R 



R 



^t}j. ^**y=f««»©T*ttx»5 : n«4 : R 

til 

[0 050] 7)i>¥isM <jHffitt0t7rt'¥>* : 
-Fir 57 7. 0*) 1 5 0 g=£2 0 0 OmLfcT-tf- 
KAfttoR-f*:'* 5 0 0mLKlBit^7';-«Kt/ 

-CCTK^b'^^A 1*^2 8. 2g5», $6 
tc»4* T^©*f*«*6 0 0 mLiO 
fc. 3 4. 5M96©»lHfc***l OOgfcJW*. * 
(3iU?t***4l«|HUB»b. *h*6 1 6«m«c«o 

mk ufc o . 65g ©«awn-tt 7 *frt»*atr«« 4 

0 m L 4 *r^*>«/TtlMb*SB*ja««caWl/ft*» 



^tmifim C 0 . *©ttU* ■» fc. 3 4. 5 «*%©« 
g£{t*5&*4 5 gir^flaO. &&LVtc<m.Zte.mffl1llft 

jMfkttBc 9 . *ft*«K*^-t*iK©&* J|, *&K : SWb* 

**T«***5 0-C«:ftll*bte. BfSCCSWtOfc* 

^KU-*{ C ««Oft:iaiKa3R»8'C««**3 0 OmL 
•CtCiMtJ#0/c. Ufa©***** 1 Lt'"-*-K«l 
1 fti»u<li»Ltt*«6*iWI3 5 0mL*»I4i. 



(11) 

fr&&CWCm&&frffil;tc. @tt©— SB* 1 0 0 m 
LM2t«4*CC^L. 3 5 0 0 r pmtiWWHf 

5 0 0 r p m-C 1 B$|BJi£'l>#Bi Vtc. 1 0 0 m LcD7k"C 
m*&A,-C±m&>S: 1 L^'JT'DfU^KgL.fc. 
* Va tf U >§:f£K:£f£ U60'C ©5£iaf£&«Uc 

1 6 BfRSSU^c. #{c. mL<i9tWCt£tfti3-&fiU L 

7^7>©««No. 1 -CiSjfiUfc. iS->fc@#*9 

ra©(!!l«2 0g-C*^fc. ^(1^6(5I< «3ML-C± 
SiTm 1 2 0 g©£fi£13j££J&Lfc. * >) =f«©¥$J* 
P. A. Shaf f eriM. Somogyi 
<D^ra(J. Biol. Chem. 1933, 100. 

6 9 5~7 1 3 ) Kiot^Wc x*y-JUi**» 
em-sn U 7 9 V o >K 1 C <D-j?mcft? 

[0051] ±(cse*8 uc* >) =im<o# 'J t-*>14 

li, P. J. Simms. A. T. Hotchkis 
s. Jr. . P. L. I r w i n*s<fcCJ e K. B. Hie 
ks, Carbohydrate Research. 

1995. 2 7 8. i ~ 9 Ktatssnri,* 

w*. -mmmtefv? f^-? ■< (hplo z&i-zm 

ISL/Co t»-U ;> F 1 0 0J"J-X 

SiI?S(*i'Dvh^77Sa?rffifflL. T-tz F~F 'J-'U 

- <; >mT f 'j^^mmm < p h 5 ) 50:50 

mt U-C. SCI^^C y c 1 o b 0 n d I trJJ* (MP, 
fb#. 2 5 0mmX4. 6 mm) #>6?§rii3 Ma 

g3^>ui ojcts^-r5^ , ;^<Df-i'» i tims 

n. pH5-C^V=f«^A i ^VT^^>iUT^l!)T 
«p Hffi#8<fc0m>*1*^4i^fc^fc6#O&©<»: 

Jfi/Esn*. lattice. t^fflti«T?ai^.5>^ccj:o-r:c 
[0 05 2 ] ±-cmwi Uc* u =r» 1 2 0 « ±##* <j 

T 5 > TA s t r am o 1 Am4j (DSM New 
Business Development, ^"7> 
#)7bg*. 5L©t-#-5CAf'lfcflJW ; *'>*5 0 

r-rtK5BraScaO/c„ Si8MrC-t*> <E> 

f ?a 3 3 g zmz.tc. amtsiitmzmvtcv*. & 
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£ y — ^KDSSttltc J:-3"C^»t>o £ L/cW' lO-Ol 

g|4 ^ * s -A-aWC* 5 tcW'ptt < teZ> X *> fc t tc. 
[0 05 3] M#LlXffih±."CVmL1tX5'J-lCi?' t 
?)l>X)\,**is F 1 . 5L£ 1 -^7 FT^t K7 0 
g5:^ttlL//c. ^5 U-«r5 5' CCCjffl^O. 6B$P^Jg 

<«ffl/ft*«'&. 9 5«f7/'*«t'h'>*t F 'J"5A 
2 5 g tmt? h7i^7>t-^A7 0 gi*>6^ 

F5i^Jl/T>^:-'? ACD> ^ /-;l'?S?K2 OOmL* 

SL-Tt. ^CfC. l-t7W*ftn00gi, 9 
5«i^r>'3*c*{k*'5*± F 'J ->A4 0fiSftfh7 
x^-^T^^-^A 1 05 gi*^ &s-)ltp-C&.ft 

i>)AO> */-*»*3 5 0 mL4Mit. iS^K)* 

-CF ';7;i>;faBt»£)irFl/fc. ?iSTL/^c F V 7 ;U=J-o 
^cDSStifci-e- 1 4 0 g-C*ofc. t§fe?:wi>*fc-f 
xn-<D^^88#rBlS^O. *ti*»6 1 B«NH«tiEU 
fc. ^ffi^ 5 5 • C tCjJDUft L 3 6CC 1 0 m 

ftlsUfrh. U&to<0£{*mtfi5 LCC^cS*-C9 5%x 

^o-c4 0B$pdj&iBu/c„ rt*©±««*«»i£-cra 

SJofctl^l!!* 1 OOmLOJiaflFfCAtl. 300 
0 r pm~C3 0»IBJl.Cv»«l«:*>WCH(**4MiOfc. 

[0 0 5 4] *£*&r!#3 0 0 m g *1&-< * >^K5 m L iC 

HKKdftt?W<fci6«©pH«l OtA^fc. 5«W» 
W^'&MWLt:^)— &CU -5-tl^ePh o t a 1 Ot 
suka Electron! csSELS-8007 

i)t3ixfcWSB7 8 n mr*-? Ac. 

[0055] ^Kr«©iais 
so -fxn-»tiii 
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i-bfrffil&l&ft (±-CiSi3) 3 0 g. Indanthr 
en Ye 1 1 ow5G bz> <)T. NSW 2 

031, Randwick, Batik Oetero 

L£3Lt'-#-4Ti!£L. ig^J^r 7 0 1 C (Cttl& 
fc„ c©**Sfcj:-?-riSj— rmmm htitc. 

1 6B$|IM«TS£Hf*WJ:^&*m>K#*Lfc. 
teS4i£-rA8)5#©±it)$*l$£ . S^lOOm LitCt 
'gtCAtx. 35 00 rpmtl B#ryi*C^«tU/c 0 @<* 
£*$Mfc 'JfJAl 7kW&J5 g *£tfBU ^">*3 0 0 

g{cjJD*.?c. jB^»*«aJ*»s-r2«HHiai«!L-c^- 

*IRjK*t#3t. »tSc«Kl 5#rajS#&5rtS£?Tofc© 

5 3 ?ct>©y -< ;i/**atx-C?*3ftO, 

il>«©^«tt*l»*l/fc. p Hltr«JEl/ft;C©B»Mfe 
©$)•&»&© pHttl 1 . 5 -?£>-> fc, 1 0. 0 0 0NM 20 
WL<£*S-£ff£-teJi'n-.ai*iftffi ( 1 Oft) 
(K^fflM lllipore Minitan &ffioTBg 

tc. #«HfiK:lJl-(*>* ( 1 5 0 OmL) £&[IKC#W 

*»AfcO*»»«0*»3Wl8 OmLK«c**"C«W 
l/Jt. I&^*>7k*^OT#tfcK©S**l 2 

8*KBISEOfc. SRS0ft:-fxPi-»|WK<0pH»9. 
5 T* ifc, Photal Otsuka Elect 30 
ronicsKELS-800-7*h >ffllW3(affittr*J 
JEOfctft^at* 1 0 1 nmt*-jfc. 
[00 5 6 ] U -j F5>ltiR 

5 *.}\sKftjm (±ra«) 30g. Indanthr 
en Red 3B (t-^b7'J7, NSW 203 
1. Randwick. Batik Oetero *p 6 
A^) 1 5 gfci^N-^^JL-- 2 - tD 'J K>5 0 0 
mL*3 LK-#--ip"CiR£Ofc. «fl£«j£ 7 0 1 Cic 

mru »ms-c±^6 2^ma!(L<»«¥b/c„ iwc. 

t-*-ft»tift»«K:»U 3 0 $MBiH*i««&a**T 40 

=Sr±*>6iS:0<»tl¥U*:* 1 6. 9 5%i* s-J^M*. 
-C±#fa*3 LttOfc. 9 5 %i £ ^ -^©sairjCCJ: 
•CU » K©H##ctS8U/c., 3te«>£ 1 6B$(fflfifcHf £ 
4Hf*tt±iffiRA **it>K»« Ufc. tei4i£r*:as#© 
_h?f#E£Bfc£. »94 1 0 0mLi*it*KAft, 350 
0 r pm-C lSSNM'MMBOfc. @<*«r*@Eit U A 
l**B»5B**tfK-Y^->*3 0 0 s:KfllA*i. M£ 

i&mc i s^nmmeamitf ->tc<D%. 5jj>n>o 50 
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£ L tc. p H IfC*J3£ 0 tc C <D&i<SX<Dfrtom<D P Hit 
11. 7"C*-jfc. 1 0. 0 0 0 NMWL(&*S£S£-fe 

ina-^«a« (1 o«t> sfliAfcsaiaifflMi 1 1 i 

pore Mini tan 5rfiS r> "CP&4'rifii& 1/ . j&#IQ 
7)<.mt , )?'VJ»> x^y-;b*jJ:a £ N-^5 : -^-2-b- 

( 1 5 0 0 mL) *»0KWraDAr8l*««O«* 

fl*^7 5mLttfcS£T?g*il,/c. i^CC, HSU 
^iSTL-C 125*KBH&Lfc. SifiRL 
fcl/v P»tt«©pH»9. 5-T*ofc 0 Photal 
Otsuka ElectronicsHELS-8 

007*1- >mnntx.vrcm& ufctt-WH* 9 8 n mr 

[0 0 57] 50u-#f»S 

5 ■fe;WBlSfiS# (±-C»K) 3 0 g . Indanthr 
en Blue BC (t-^hv'J7. NSW 20 
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(54) [Title of the Invention] Aqueous ink composition for use in inkjet printer 
(57) 

ABSTRACT ; PROBLEM TO BE SOLVED; To obtain an aqueous ink composition for inkjet recording 
that gives reliable printing performance and gives a recorded image having chroma equal 
to or superior to that of the corresponding dye-based ink prepared by using a 
water-soluble dye and has durability to a special paper and an ordinary paper. 

SOLUTION: The aqueous ink composition for inkjet recording comprises water as the 
main solvent, at least one vat dye and at least one micelle-forming component. The 
micelle-forming component forms a micelle in an aqueous solution having a pH of higher 
than 8 wherein the micelle has an average diameter of greater than 20 nm to smaller than 
150 rm as measured by photon correlation spectrometry. 
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[Patent Claims] 

[Claim 1] An aqueous ink composition for use in inkjet printers, characterized by the fact 
that it comprises (a) water as the main solvent, (b) at least one vat dye, and (c) at least 
one micelle-forming component. 

[Claim 2] Ink composition described under Claim 1 , characterized by the fact that the 
above micelle-forming component forms micelles in an aqueous solution with a pH value 
above 8, which have an average diameter of larger than 20 nm but smaller than 150 nm as 
measured by photon correlation spectrometry. 

[Claim 3] Ink composition described under Claim 1, characterized by the fact that the 
above micelle-forming component exists as a polyanion in an aqueous solution with a pH 
value above 8. 

[Claim 4] Ink composition described under Claim 1, characterized by the fact that the 
above ink contains a vat dye at 0.1-10%, a micelle-forming component at 0.1-40%, and 
an aqueous medium at 50-99.8%, and that the above aqueous medium is a mixture of 
water, a cosolvent that is miscible with water, a water-soluble surfactant, and a water- 
soluble additive. 

[Claim 5] A recording method, characterized by allowing the ink described under any of 
Claims 1-4 to adhere to a recording medium. 

[Claim 6] An inkjet recording method characterized by allowing the ink described under 
any of Claims 1-4 to adhere to a recording medium by spraying droplets of the ink. 

[Claim 7] A recording object recorded by the method described under Claim 6. 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] The present invention is related to an aqueous ink composition 
for inkjet recording, which has reliable printing performance and gives durable recorded 
images with a chroma equal or superior to that of the corresponding dye-based inks 
prepared using a water-soluble dye, on special and ordinary papers. 
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[0002] 

[Prior Art] Recording by inkjet is a recording method of the non-impact type, by which a 
printer forms droplets of ink in response to, for example, digital signals generated by a 
computer. The droplets of ink are allowed to adhere to a base material such as a paper or 
transparent film. Inkjet printers are used widely commercially due to the high quality of 
the printed characters, cheap prices, comparatively less noise at the time of use, and good 
graphic description. Heating (inkjet) type and the piezoelectric type drop-on-demand 
printers have scored a big success in the marketplace, and are widely used as printers for 
personal computers in offices and homes. 

[0003] Inks used for an inkjet printer can be classified into dye-based inks and pigment- 
based inks. Usually, the dye-based inks have a very wide color gamut on special paper or 
an intermediate color gamut on ordinary paper. Dye-based inks give rise to satisfactory 
results in many applications, but, in general, overall they are disadvantageous in 
durability defined in the present Detailed Description as light resistance, ozone 
resistance, water resistance, moisture resistance and abrasion resistance. For recorded 
documents that need to have a certain shelf life, the low durability of the images recorded 
with dye-based inks is an important issue. 

[0004] On the other hand, pigment-based inks have very high durability. For preparing 
recorded documents that need to have a long shelf life, they are more preferable than dye- 
based inks are. Pigment-based durable inks with a quite wide color gamut on special 
papers have been known traditionally. However, such pigment-based inks are known to 
have a quite narrow color gamut on ordinary paper compared with the corresponding 
dye-based inks. Similarly, pigment-based, durable inks are known to have an 
intermediate color gamut on ordinary papers. Unfortunately, such pigment-based inks 
are known to have a quite narrow color gamut on special papers compared with the 
corresponding dye-based inks. In other words, no pigment-based ink composition has 
been known, which has a chroma equal or superior to that of the corresponding dye-based 
inks and gives durable recorded images not only on special papers but also on ordinary 
papers. 

[0005] A class of dyes that can give images with excellent durability are vat dyes. Since 
vat dyes have excellent resistance to light, ozone, water and moisture, they are used for 
the dyeing of textiles. In the standard commercially available form, vat dyes cannot be 
dissolved in water at all. This standard form is often called oxidized form. The term "vat 
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dye" used in the present Detailed Description, unless noted otherwise, specifies the 
standard oxidized form. Since this dye cannot be dissolved in water in the oxidized form, 
it cannot be used for aqueous ink as it is. By contrast, the reduced form of vat dyes, 
called leuco salt or leuco base, is water-soluble. Reduction to the leuco salt/base form is 
usually performed using sodium hydrosulfite or sodium borohydride in an aqueous alkali 
solution. Since the reduced water-soluble leuco salt/base form is highly readily oxidized 
in air, special means are required, such as strict exclusion of oxygen from the air or use of 
a reducing agent, in order to maintain the reduced state. 

[0006] Since vat dyes are dyes with the nature of the color based on a molecule, it can 
give a chroma equal or superior to that of the corresponding dye-based aqueous ink not 
only on special papers but also on ordinary papers. By contrast, for a pigment that 
develops a color from both interactions in the solid state and absorption of individual 
molecules, the chroma is generally poorer than that of the corresponding dyes. The poor 
chroma of pigment-based inks can be readily seen with inks containing high 
concentrations of two widely used pigments, quinacridone red and phthalocyanine blue. 
The reason for the poor chroma lies in the fact that the color of such pigments is largely 
dependent on solid state interactions. 

[0007] Due to the fact that vat dyes have excellent original chroma and durability, several 
vat dye-based inks have been reported. These examples will be described in detail below. 

[0008] A recording ink containing a vat dye and/or sulfur dye is described in JP57- 
18767 A. Specifically, in the presence of a reducing agent for generating the leuco 
salt/base form, the vat dye and/or sulfur dye is dissolved in a liquid medium. After 
dissolution, the dissolved reduced dye is oxidized, forming a liquid dispersion of the vat 
dye and/or sulfur dye in the liquid medium. In addition, in JP57-18767A, patent 
application was made for a dispersing agent as a component of recording inks. Examples 
of a preferable dispersing agent include polymer dispersing agents with a molecular 
weight of 1000-100,000/mole, such as polyvinyl alcohol, a polyvinylpyrrolidone, 
polyvinylpyridine, sodium polyacrylate, polymethacrylate, condensed 
naphfhalenesulfonate, styrene-maleic acid copolymer, diisobutylene-maleic acid 
copolymer, polyethylene glycol, polypropylene glycol, polyoxyethylene-oxydipropylene 
block copolymer, styrene-(meth)acrylic acid copolymer, (meth)acrylic ester- 
(meth)acrylate copolymer, styrene-itaconate copolymer, itaconic ester-itaconate 
copolymer, vinylnaphthalene-maleate copolymer, vinylnaphthalene-(meth)acrylic-acid 



4 



copolymer, and vinylnaphthalene-itaconate copolymer. With the above examples of 
polymer dispersing agents, the following monomers can be used as a denaturing agent for 
the polymer dispersing agents: acrylonitrile, vinyl acetate, (meth)acrylamide, N- 
methylol-(meth)acrylamide, vinyl chloride, vinylidene chloride, and ethylene. 

[0009] The inventors of the present invention attempted to obtain a stable liquid 
dispersion of vat dyes by the methods of Practical Examples 1,2 A, 2C and 2D of JP57- 
18767A. In Practical Example 1, instead of the product from Arco Chemicals described 
in the Detailed Description, SMA 1440 from Atofma Chemicals was used. In Practical 
Examples 2A and 2C, the same dispersing agents as described in the Detailed Description 
were used. In Practical Example 2D, instead of the product from San Nobuko [phonetic], 
described in the Detailed Description, the corresponding sodium polyacrylate from 
Sigma- Aldrich was used. The results obtained using Practical Examples 1 and 2C 
showed that upon addition of a hydrogen peroxide solution as oxidizing agent, 
immediately large crystals of the vat dye were precipitated. This precipitation also 
occurred upon dropwise addition of the hydrogen peroxide solution over several hours. 
The crystals were separated in a laboratory bench-top centrifuge at 3000 rpm. Thus, in 
our experiment, a stable liquid dispersion of the vat dye could not be obtained using the 
dispersing agents described in the Practical Examples 1 and 2C. In an additional 
experiment according to Practical Example 2A, when hydrogen peroxide was added in 
aqueous methanol, the vat dye was precipitated. A stable liquid dispersion could not be 
obtained by using a recycle pump equipped with a colloid mill (model KSIF, made by 
Premier Mill, Reading, Pennsylvania, USA). Even after milling for several hours, a 
stable liquid dispersion still could not be obtained. Thus, in our experiment, a stable 
liquid dispersion of the vat dye could not be obtained using the dispersing agent 
described in the Practical Example 2A. In an additional experiment according to 
Practical Example 2D, when hydrogen peroxide was added in aqueous methanol, the vat 
dye was precipitated again. A stable liquid dispersion could not be obtained by using a 
laboratory ball mill. After milling for 24 hours in a ball mill and then ultrafiltration of the 
mixture through a 5-micron membrane filter, an essentially colorless filtrate was 
obtained. Thus, in our experiment, a stable liquid dispersion of vat dye could not be 
obtained using the dispersing agent described in the Practical Example 2D. The reasons 
for the failure to obtain a stable liquid dispersion are not known. Note that a detailed 
description is not given in any of the specific examples of JP57-18767A. Except for the 
conditions for the ultrafiltration, important experimental details are missing. In 
particular, there is no description of the conditions for the ultracentrifugation and for 
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milling with the colloid mill, diameter of the dispersed vat dye, or concentration of the 
dispersed vat dye after ultracentrifugation. 

[0010] In patent application JP63-139959A, an application was made for an ink, which 
contains water, an organic solvent, a solubilized vat dye and an antioxidant. The 
solubilized vat dye used in JP63-139959A contains sulfonic acid groups that impart 
solubility. It is described, that in this aspect, it is different from general vat dyes. 
Recorded objects using this ink are expected to have the advantage of the chroma 
obtained with dye-based inks. However, since the dye described in JP63-139959A is 
water-soluble, it is not expected to have the advantages of water resistance and moisture 
resistance characteristic of vat dyes. 

[001 1] In JP63- 139961 A, a patent application for an ink was made, which contains water, 
an organic solvent, a colloid salt of a /vat dye and an antioxidant. The colloid salt of a 
vat dye is obtained by reducing the corresponding standard state vat dye. The role of the 
antioxidant is to maintain the vat dye in the reduced, soluble, colloidal salt form. 
Recorded objects using this ink are expected to have the advantage of a chroma usually 
obtained with dye-based inks. However, the reduced soluble dye described in JP63- 
139961 A is readily oxidized by air. Once the antioxidant in the ink (for counteracting 
oxidation) is consumed by oxidation in air, the reduced pigment would be oxidized to the 
insoluble state of the corresponding standard oxidized form. When this occurs, the 
nozzle of the printer head is blocked. Consequently, reliable recording quality is not 
expected to be obtainable. 

[0012] In JP1-93389A, an inkjet-printer-based recording method is described. In this 
recording method, the vat dye-containing ink is in the reduced soluble colloidal salt form. 
In the invention of this recording method, in a second stage, a liquid containing an 
antioxidant is recorded on the top of a formed image. The reduced vat dye is then 
oxidized to the standard oxidized form. Recorded objects using this ink are expected to 
have the advantage of a chroma obtainable with dye-based inks. However, from the 
viewpoints of printer design and cost, it is not desirable to require two separate liquids. 
Moreover, as pointed out above, the reduced soluble pigment is readily oxidized in air. 
Thus, the reduced dye is oxidized to the corresponding insoluble form. If this does occur, 
the nozzle of the printer head is blocked. Consequently, reliable recording quality is not 
expected to be obtained. 
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[0013] 

[Problem(s) to be Solved by the Invention] As described above, there is a need for an 
aqueous ink composition for inkjet recording, which has reliable printing performance 
and gives durable recorded images with a chroma equal to or superior to that of the 
corresponding dye-based inks prepared using a water-soluble dye not only on special 
papers but also on ordinary papers. Specifically, there is a need for a vat dye-based ink 
that does not have the problems of the prior art described above and provides the 
advantages of the original chroma and durability of vat dye. 

[0014] 

[Means for Solving the Problem] The objective of the present invention is to offer an 
aqueous ink composition for inkjet recording, which has reliable printing performance 
and gives durable recorded images with a chroma equal to or superior to that of the 
corresponding dye-based inks prepared using a water-soluble dye, not only on special 
papers but also on ordinary papers. 

[0015] According to the present invention described in this Detailed Description, an 
aqueous ink composition for inkjet recording is provided, which is characterized by 
comprising (a) water as the main solvent, (b) at least one vat dye, and (c) at least one 
micelle-forming component. 

[0016] [Claim 2] The micelle-forming component in the ink forms micelles in an aqueous 
solution with a pH value above 8, which have an average diameter larger than 20 nm but 
smaller than 150 nm as measured by photon correlation spectrometry. Moreover, 
the micelle-forming component exists as a polyanion in an aqueous solution with a pH 
value above 8. The ink of the present invention contains a vat dye at 0.1-10%, a micelle- 
forming component at 0. 1-40%, and an aqueous medium at 50-99.8%. The aqueous 
medium is a mixture of water, a cosolvent that is miscible with water, a water-soluble 
surfactant, and a water-soluble additive. 

[0017] The ink of the present invention has excellent reliability for recording by the 
inkjet system, and gives recorded images with good light resistance, ozone resistance, 
water resistance, moisture resistance, and abrasion resistance. Moreover, the ink of the 
present invention gives recorded images with a chroma equal to or superior to that of the 
corresponding dye-based inks prepared using a water-soluble dye, not only on special 
papers but also on ordinary papers. 
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[0018] 

[Embodiment of the Invention] The ink composition of the present invention is suitable 
for use in an inkjet printer using a known method of spraying ink through multiple 
nozzles equipped on the printer head. Moreover, the ink composition of the present 
invention can also be used for pens, etc. that do not require as strict conditions for the 
application of the ink as in the case of inkjet printers. 

[0019] Vat dye 

The vat dye of the present invention contains at least one vat dye chosen from a group of 
vat dyes in their standard oxidized forms. Vat dyes can be classified into indigo and 
anthraquinone types. These two types are not distinguished from each other in the 
present invention. The vat dye of the present invention can include the following dyes 
described in the Color Index: 



C, I. Vat Yellow 2, C, [ . Va 
t Yellow 4, C. I. Vat Yellow 

10, C, I. Vat Yellow 20. C. 
I. Vat Yellow 33. C. I. Vat O 
range 1 , C. I. Vat Orange 2. 
C. I. Vat Orange3, C. I. Vat O 
range 5, C. I. Vat Orange 7, 
C. I. Vat Orange 9. C. I. Vat 
Orange 13. C. I. Vat Orange 
15, C. I. Vat Red 1,C. I, Vat 
Red 2, C. I. Vat Red 10, C, I - 
Vat Re d 1 3, C. I. Vat Red 15, 
C, I. Vat Red 16. C. I. Vat Re 
d 3 1 . C. I. Va t Red 4 1. C. I . V 
a t Re d 42, C. 1. Vat Red 4 5. 
C. 1. Vat Red 4 7, C. I. Vat Re 
d 5 2, C. I. Vat Violet 1, C. 
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I.Vat Violet 2.C. I. Vat Vi 
olet 9. C. I.Vat Violet 13. 
C. I, Va t Violet 2 1 . C. I.Vat 

Blue l.C. I.Vat Blue 3. C. 
I.Vat Blue 4. C. I.Vat Blue 

5. C. I.Vat Blue 6 . C. I.Vat 

Blue 8.C. I.Vat Blue 12. 
C. 1, Vat Blue 14. C. I. Vat Bl 
u e 18, C. I.Vat Blue 1 9. C. 
I.Vat Blue 2 0, C. I.Vat Blu 
e 29. C. I.Vat Blue 35. C. I. 
Vat Blue 4 1. C. I.Vat Blue 
64, C. I. Vat Green 1. C. I. Va 
t G r e e n 2 , C . I.Vat Green 3, 
C. I.Vat Green 8, C. I.Vat G 
reen 9. C. I.Vat Brown l.C. 
I.Vat Brown 3 . C . I.Vat Br o 
wn 22, C. I. Vat Brown 25, C. 
I.Vat Brown 41, C. I.Vat Br 
own . 44, C. I.Vat Brown 46, 
C. I.Vat Brown 5 7. C. I.Vat 
Brown 68. C. I. VatBrown 72. 
C, I.Vat Black 8 , C . I.Vat B 
lack 9. C. I.Vat Black 13, 
C. I.Vat B 1 a c k 1 4. C. I.Vat B 
lack 20. C. I.Vat Black 25. 
C. I.Vat Black 27. C. I.Vat 
Black 29, C. I.Vat Black 3 
6, C. I.Vat. Black 5 6, C. I . Va 
t Black 5 7, C . I.Vat Black 
5 9' 
and C . I.Vat Black 60. 

The vat dye of the present invention includes the following commercially available vat 
dyes: 
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lndanthren Yellow 5 G. In 
danthren Orange 3 R, I ndant 
hren Red 3B, lndanthren Bl 
u e BC (C. I. Vat Blue 6>. In 
danthren Violet 3B. I ndant 
hren Green XBN, lndanthren 

Olive B, lndanthren Brown 
BR <C. 1 . Vat Brown 1 ) , I n d a 
n t hren Navy D B . lndanthren 

Black AC 

The above lists are not inclusive. Other vat dyes can also be included within the scope of 
the present invention. Vat dyes preferable for preparing the liquid dispersion of the 
present invention are vat dyes with a moderate solubility in strongly polar organic 
solvents, such as dimethyl sulfoxide, sulfolane, N-methyl-2-pyrrolidone, 
dimethylformamide, dimethylacetamide, and hexamethyl phosphoramide. 

[0020] The amount of the vat dye in the ink composition of the present invention is 
preferably 0.1-10% by weight. 

[0021] Micelle-forming component 

The aqueous ink composition for inkjet contains at least one micelle-forming component. 
The micelle-forming component can have any chemical composition as long as the 
following requirements are met: 

(1) it forms micelles in an aqueous solution with a pH value above 8, with an average 
diameter larger than 20 nm but smaller than 150 nm as measured by photon correlation 
spectrometry. In addition, 

(2) it exists as a polyanion in aqueous solutions with a pH value above 8. 

[0022] The ink of the present invention is preferably an aqueous ink composition with a 
pH value above 8. The reason is that such an ink composition does not cause corrosion 
on inkjet printer parts that are readily subject to corrosion. Similarly, the ink of the 
present invention is preferably an aqueous ink composition with a pH value below 10. 
The reasons are safety for human beings, and chemical mildness on the materials of the 
inkjet printer that may come in contact with the ink. 
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[0023] In order to have an aqueous ink composition for inkjet printers with a pH value 
above 8, the aqueous liquid dispersion of the vat dye has to be stable at a pH above 8. 
The reason for specifying the conditions for the micelle-forming agent against an aqueous 
solution with a pH value above 8 is to ensure the stability of the liquid dispersion. 

[0024] To obtain a stable liquid dispersion of the vat dye, the inventors of the present 
invention found that the micelle-forming component has to form micelles in an aqueous 
solution with a pH value above 8, which have to have an average diameter larger than 20 
nm but smaller than 1 50 nm as measured by photon correlation spectrometry. Although 
the average diameter of the micelles may be measured by any known method, photon 
correlation spectrometry is desirable due to its fast, simple and reproducible nature. 
Instruments for measuring particle size by photon correlation spectrometry are marketed 
by many manufacturers. In contrast to a substance capable of forming large micelles 
with an average diameter larger than 20 nm, the concentration range measurable by 
photon correlation spectrometry is above the critical micelle concentration (CMC) of the 
substance in all cases. 

[0025] Accordingly, it is important whether or not the substance under consideration 
forms micelles with an average diameter larger than the lower limit (20 nm), but not 
whether or not the substance is at the CMC. 

[0026] The lower limit of 20 nm set for the micelle-forming agent in the present 
invention is based on the observation that an ordinary anionic surfactant, such as sodium 
oleate, does not form a stable liquid aqueous vat dye dispersion according to the 
preparation method used in the present invention. An ordinary anionic surfactant, such as 
sodium oleate, forms micelles with an average diameter smaller than 10 nm in an 
aqueous solution with a pH value above 8. As described above under "Prior Art", an 
ordinary polymer dispersant does not form a stable aqueous vat dye liquid dispersion by 
the preparation method of the present invention. This is consistent with the present 
invention in that, as measured by photon correlation spectrometry, an ordinary aqueous 
polymer dispersant does not form micelles in an aqueous solution with a pH value above 
8. 

[0027] The upper limit of 150 nm set for the micelle-forming agent in the present 
invention is based on the fact that (1) this is required for maintaining good chroma for 
recorded images, and (2) this is required for minimizing the precipitation of the dispersed 



11 



vat dye particles. Regarding the first point, regarding maintaining a wide color gamut, it 
is well-known that the chroma decreases with a significant increase in the particle size of 
the pigment from about 100 nm. Against pigment-free micelles with an average diameter 
of 150 nm, the size of the pigment in pigment-containing micelles is expected to be 
smaller than 1 50 nm. Accordingly, to have a chroma as high as possible, it is preferable 
to form micelles with an average diameter smaller than 1 50 nm. It is even more 
preferable to form micelles with an average diameter smaller than 120 nm. Regarding 
the second point, namely, minimizing precipitation, assuming that the other conditions 
are equal, small particles have a precipitation rate slower than that of large particles. The 
density of commercially available vat dyes is higher than that of the aqueous medium. 
To minimize the precipitation rate, it is preferable to have a pigment particle size smaller 
than 150 nm. Moreover, to minimize the precipitation, it is preferable to form micelles 
with an average diameter smaller than 150 nm. It is even more preferable to form 
micelles with an average diameter smaller than 120 nm. 

[0028] The inventors of the present invention found that, in order to obtain a stable 
aqueous liquid dispersion of a vat dye, the micelle-forming component has to be present 
as a polyanion in aqueous solutions with a pH value above 8. Here, it is specified that it 
should be a polyanion, but not be nonionic or a polycation. The reason(s) for the 
limitation to polyanion is(are) not known, but two possibilities can be envisaged. First of 
all, unlike nonionic micelle-forming agents, electrically charged micelles (polyanionic or 
polycationic) are more stable than nonionic micelles. This is due to stronger 
neutralization of the charged portions of the polyanionic or polycationic micelle-forming 
component than is the case in the hydrophilic portions of a non-ionic micelle-forming 
component in an aqueous medium. Secondly, unlike polycationic micelle-forming 
agents, polyanionic micelles are more stable in an aqueous solution with a pH value 
above 8. This is due to higher stability of the charged portions of a polyanionic micelle- 
forming component than of a polycationic micelle-forming component in an alkaline 
solution. By contrast, in an acidic solution, the charged portions of a polycationic 
micelle-forming component are more stable than for a polyanionic micelle-forming 
component. The polarity and charge of a micelle-forming agent can be measured by any 
known method. However, since this component has a strong tendency to form micelles, 
it is difficult to measure individual molecules of the component. Accordingly, it is 
preferable to determine that the micelle-forming component exists as a polyanion in an 
aqueous solution with a pH value above 8 by NMR, IR, HPLC, etc. for characterizing the 
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independent individual structure of the micelle- forming component and by the usual 
chemical means, such as using known pKa data for dissociative functional groups, etc. 

[0029] The general structure of one type of compound fulfilling the requirements for the 
micelle-forming component of the present invention is shown below: 

[0030] 
[Formula 1] 




Here, m is the average value for the polydispersed polystyrene block, being within the 
range of 10-20; p is the average value for the polydispersed (meth)acrylate, being within 
the range of 20-40; and Z is hydrogen (H) or methyl group (CH 3 ). The above two-block 
copolymer can be prepared by a known method or be purchased as a commercial product. 
The following references contain such a method: Zhong, X. F., Varshney, S. N. and 
Eisenberg, A., Macromolecules, 1992, 25, 7160-7167; and Cao, T., Munk, P., 
Ramireddy, C, Tuzar, Z. and Webber, S. E., Macromolecules, 1991, 24, 6300-6310. 
This type of two-block copolymer can be purchased from Polymer Source Inc. (Dover, 
Quebec, Canada). As it is clear from the above chemical structure, this compound exists 
as a polyanion in an aqueous solution with a pH value above 8 due to multiple 
dissociation of the carboxyl groups of the poly(meth)acrylate. 

[0031] The general structure of another type of the compound fulfilling the requirements 
for the micelle-forming component of the present invention is shown below: 
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[0032] 
[Formula 2] 




Here, x is an average value for the polydispersed oligosaccharide, being within a range of 
1-14; n is in the range of 2-12; R is aryl, substituted aryl, alkylaryl, substituted alkylaryl, 
pyridyl, or substituted pyridyl with 5-20 carbon atoms. As it is clear from the above 
chemical structure, this compound exists as a polyanion in an aqueous solution with a pH 
value above 8 due to multiple dissociation of the carboxyl groups of the oligosaccharide 
portion. 

[0033] The oligosaccharide portion of the above compound can be easily obtained from 
natural polysaccharides, such as alginic acid and pectin, using a chemical or enzymatic 
method. It is easiest to use two reduction-amination reactions for obtaining the above 
compound. The 1 st reduction-amination reaction is performed using an oligosaccharide 
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precursor and a branching polyamine compound, in an excess, expressed by the following 
general formula: 



Here, n is in the range of 2-12. A branching polyamine with n = 4 is commercially 
available under the name of " Astramol Am4" from DSM New Business Development 
(The Netherlands). After removing the excess branching amine, the 2nd reduction- 
amination reaction is performed using the product obtained in the 1st reduction amination 
and an aldehyde, in an excess, expressed by the general formula R-CHO (here R is aryl, 
substituted aryl, alkylaryl, substituted alkylaryl, pyridyl, or substituted pyridyl with 5-20 
carbon atoms). Examples of a desirable aldehyde that can be used for preparing this type 
of micelle-forming component are listed below, but this list is not inclusive. Preferable 
aldehydes are: piperonal, 2,3-(methylenedioxy)benzaldehyde, 1-naphthaldehyde, 2- 
naphthaldehyde, 4-methoxy- 1 -naphthaldehyde, 4-biphenylcarboxy aldehyde, 3- 
phenoxybenzaldehyde, 4-phenoxybenzaldehyde, 2-fluorenecarboxyaldehyde, 3- 
benzyloxybenzaldehyde, 4-benzyloxybenzaldehyde, 3-(4-methoxyphenoxy)- 
benzaldehyde, 9-anthraldehyde, 2-benzyloxy-3-methoxybenzaldehyde, 3-benzyloxy-4- 
methoxybenzaldehyde and 4-benzyloxy-3-methoxybenzaldehyde. 

[0035] The amount of the vat dye in the ink composition of the present invention is 
preferably 0.1-40 wt% of the micelle-forming component. 



[0034] 
[Formula 3] 




CH 2 



NH 2 



/ 



H 2 N 
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[0036] Water 

Water is the main solvent of the aqueous ink composition of the present invention. 
Usually, deionized water is used. The "aqueous medium" in the present invention means 
a mixture of water, a cosolvent that is miscible with water, a water-soluble surfactant and 
a water-soluble additive. The desirable amount of the aqueous medium in the ink 
composition of the present invention is 50-99.8 % by weight. 

[0037] Cosolvent that is miscible with water 

The ink composition of the present invention can contain one or multiple cosolvents, 
based on best possible prescriptions of the ink composition. Organic cosolvents that are 
miscible with water are well-known. Such examples are as follows: (1) alcohols, such as 
isopropyl alcohol, butyl alcohol, etc., (2) ketones, such as acetone, methylethyl ketone, 
etc., (3) ethers, such as a tetrahydroftiran and dioxane, (4) esters, such as ethyl acetate, 
propylene carbonate, etc., (5) polyhydric alcohols, such as ethylene glycol, glycerol, 
glycerol ethoxylate, propylene glycol, butylene glycol, diethylene glycol, triethylene 
glycol, tetraethylene glycol, 1,2-pentanediol, 1,2-hexanediol, polyethylene glycol, 
polypropylene glycol, 1,2,6-hexatriol, thioglycol, etc., (6) alkyl ethers of polyhydric 
alcohols, such as diethylene glycol mono-n-butyl ether, triethylene glycol mono-n-butyl 
ether, diethylene glycol mono-n hexyl ether, dipropylene glycol monomethyl ether etc., 
(7) nitrogen-containing compounds, such as urea, pyrrolidone, and N-methyl-2- 
pyrrolidone, and (8) sulfur-containing compounds, such as dimethyl sulfoxide, and 
tetramethylene sulfoxide. Of course, the above list is not inclusive, so as not to limit the 
preparation of the ink composition of the present invention. In other words, other 
cosolvents can also be used, and are within the scope of the present invention. 

[0038] Water-soluble surfactant 

The ink composition of the present invention can contain one or multiple water-soluble 
surfactants, based on the best possible prescriptions of the ink composition. In general, 
non-ionic surfactants are preferable due to their non-foaming property. Examples of 
useful surfactants are as follows: acetylenediol ethylene oxide adducts, higher alcohol 
ethylene oxide adducts, alkylphenol ethylene oxide adducts, higher alkylamine ethylene 
oxide adducts, ethylene oxide propylene oxide copolymers, and poly ether-modified 
dimethyl polysiloxane. Of course, the above list is not inclusive, so as not to limit the 
preparation of the ink composition of the present invention. In other words, other 
surfactants can also be used, and are within the scope of the present invention. 
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[0039] Other components 

In order to obtain an ink composition with a pH values above 8, one or more bases can be 
added to the ink besides the components described above. Preferable bases include 
inorganic bases, organic bases, and their mixtures. Examples of suitable bases are as 
follows: lithium hydroxide, sodium hydroxide, potassium hydroxide, rubidium 
hydroxide, cesium hydroxide, ammonia, methylamine, dimethylamine, trimethylamine, 
morpholine, N-methylmorpholine, monoethanolamine, diethanolamine, triethanolamine, 
tri-isopropanolamine, N-methylmonoethanolamine, N,N-dimethylmonoethanolamine, N- 
methyldiethanolamine, and tetramethylammonium hydroxide. In the ink, pH buffer, 
germicide, anticorrosion agent, viscosity-adjusting agent, ultraviolet absorbent, and anti- 
oxidant, in addition to the alkaline additives, can also be included. There is no special 
limit to the total amount of the other components used for the ink. The amount of all 
components of the ink is controlled so that the surface tension of the ink is in the range of 
about 20-40 dyne/cm and the viscosity of the ink is in the range of about 1 .0-10.0 mPas. 

[0040] Preparation of ink 

The ink composition of the present invention, in theory, can be prepared by any known 
method. However, as pointed out above, the method of using the reduced leuco salt/base 
of the vat dye did not yield a stable liquid dispersion in our work. Thus, methods for 
preparing the stable vat dye liquid dispersion of the present invention should all use the 
standard oxidized form of the vat dye. Specifically, a solution of the standard oxidized 
form of the vat dye in a strongly polar organic solvent, such as dimethyl sulfoxide, , N- 
methyl-2-pyrrolidone, dimethylformamide, dimethylacetamide, or sulfolane hexamethyl 
phosphoramide, is used. 

[0041] In one useful method, at least one vat dye and at least one micelle-forming 
component are first partially or completely dissolved in a strongly polar organic solvent. 
The micelle-forming component is dissolved in the form of the nondissociated free acid. 
Generally, such a micelle-forming component is completely soluble in a strongly polar 
organic solvent under these conditions. The degree to which the vat dye as a starting 
material is dissolved in a strongly polar organic solvent is dependent on the type of the 
vat dye and on the codissolution energy with the micelle-forming component. 

After homogenization by stirring, milling, heating, sonication, or their combination, a 
suitable solvent is added, precipitating a solid material containing both the vat dye and 
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the micelle-forming component. Alcohols and ketones are useful precipitating solvents 
in the present invention. Specifically, the solvent selected is dependent on the type of vat 
dye and micelle-forming component. After precipitating this solid, it is dispersed in an 
aqueous alkali solution by stirring, milling, heating, sonication, or their combination. 
The amount of the base in the aqueous solution is such that it is sufficient for neutralizing 
the free nondissociated acid form of the micelle- forming component and for controlling 
the pH value of the liquid dispersion to above 8 but below 10. As the desirable base for 
preparing the aqueous alkaline solution, an inorganic base, organic base, or their mixtures 
can be used. Such examples have already been mentioned above under "Other 
components". 

[0042] In another useful method that shares many similarities with the above method, at 
least one vat dye and at least one micelle-forming component are first partially or 
thoroughly dissolved in a strongly polar organic solvent. As described above, the micelle- 
forming component is dissolved in the form of nondissociated free acid. After 
homogenization by stirring, milling, heating, sonication, or their combination, a non- 
aqueous alkali solution is added slowly. Depending on the type of micelle-forming 
component, the base in the non-aqueous solution, and strongly polar organic solvent, this 
addition could precipitate a solid material containing both the vat dye and micelle- 
forming component. The amount of the non-aqueous alkaline solution is such that it is 
sufficient for neutralizing the nondissociated free acid form of the micelle-forming 
component. If the solid material is precipitated, it is dispersed in the non-aqueous 
alkaline solution by stirring, milling, heating, sonication, or their combination. If no solid 
material is precipitated, a suitable solvent has to be added to precipitate it. As described 
above, useful solvents in the present invention include alcohols and ketones. After the 
solid material is precipitated, it is dispersed in the non-aqueous alkali solution by stirring, 
milling, heating, sonication, or their combinations. 

[0043] The vat dye liquid dispersion obtained by either of the above two methods can be 
concentrated and/or purified by known methods before use for preparing the ink for the 
inkjet printer. A useful method for the concentration and purification is ultrafiltration. 
By carefully choosing the pore size of the ultrafiltration membrane, soluble impurities, 
including excess micelle-forming component and base are forced to flow through the 
ultrafiltration membrane as filtrate. In general, in order to remove insoluble components 
that are not dispersed, it is desirable to filter the liquid dispersion or ink composition. 
Both metal mesh filter and membrane filter are usable. For the filtration, a pressure may 
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be applied to the liquid dispersion, or the pressure of the receiver end of the filtration 
apparatus may be reduced. Centrifugal separation can also be performed in order to 
remove large particles that could lead to plugging of the nozzle installed in the printer 
head of the inkjet printer. Once the purified and concentrated liquid dispersion of the vat 
dye is obtained, the desired components are added in an effective order to prepare an ink. 
After an ink is prepared, depending on the composition, it may be filtered again. 

[0044] Although there is no intention to be too theoretical, it is believed that a stable vat 
dye liquid dispersion can be obtained by the method of the present invention for several 
reasons. First reason: the micelle-forming component specified in the patent claims of 
the present invention is used as a special type of means for dispersion. The micelle- 
forming component meeting the requirement of forming micelles with an average 
diameter larger than 20 nm in an aqueous solution is limited to a polymer with two 
different blocks for all practical purposes. One of the two different blocks is a polymeric 
electrolyte in an aqueous solution, while the other block is a hydrophobic compound with 
comparatively a higher molecular weight. When dissolved in an aqueous solution, such 
polymers aggregate to form uniform spherical micelles. Within the micelles, the 
insoluble hydrophobic block is isolated in the core of micelle while the soluble polymeric 
electrolyte block forms the shell that disperses the micelles in a solution state. This 
special micelle type is apparently similar to the well-known surfactant micelles. 
However, this micelle is much larger and more stable. The standard oxidized form of a 
vat dye is a hydrophobic substance, insoluble in water, but it has strong affinity to similar 
hydrophobic substances. Although, again, there is no intention to be too theoretical, a 
hydrophobic vat dye has strong affinity to the large hydrophobic core of the micelle of 
the present invention, which gives rise to the advantage of greatly contributing to the 
stability of the vat dye liquid dispersion. 

[0045] The second reason for being able to obtain a stable vat dye liquid dispersion is the 
following: the hydrophobic vat dye is included in the hydrophobic core of the micelle as 
a hydrophobic constituting species. According to the method of the present invention, at 
least one hydrophobic vat dye and at least one micelle-forming component are dissolved 
in a strongly polar solvent. The two blocks of the micelle-forming polymer of the present 
invention exhibit a great difference in that even in a strongly polar organic solvent the 
polymer molecules themselves have weak aggregation. The higher the polarity of the 
organic solvent, the more similar is the self-aggregation of the polymer to the self- 
aggregation in an aqueous solution, that is, presumably formed from the hydrophobic 
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core and the shell that is formed by a strong interaction of the hydrophilic portion with 
the solvent. Almost all standard oxidized forms of vat dyes have a lower solubility in a 
non-aqueous polar organic solvent even in the presence of the micelle-forming 
component of the present invention, but a homogeneous solution can be obtained. Again, 
although there is no intention to be too theoretical, the hydrophobic vat dye has strong 
affinity to the hydrophobic core of the micelle, which gives rise to the significant 
advantage of greatly contributing to the solubility of the vat dye liquid dispersion in a 
strongly polar organic solvent. 

[0046] The third reason for being able to obtain a stable vat dye liquid dispersion is the 
following: The micelles containing the hydrophobic vat dye in the hydrophobic core are 
maintained before aggregation during the transition from a strongly polar organic 
medium to an aqueous solution. By the above first method, after a homogeneous solution 
is obtained, a precipitating solvent is added. Alcohols and ketones, that are the types of 
the solvent used for this purpose, are not expected to break up the core of the micelle. By 
the above second method, after a homogeneous solution is obtained, a non-aqueous alkali 
solution is added. The free acid/nondissociating portions of the micelles are converted 
into a polymeric electrolyte by this addition. Micelles that are not converted are 
precipitated. This type of precipitation is not expected to break up the core of the 
micelle. Although, again, there is no intention to be too theoretical, micelles that do not 
undergo the change in inclusion of a hydrophobic vat dye in a hydrophobic core, undergo 
the transition from an organic solvent to an aqueous solution, which gives rise to the 
advantage of greatly contributing to the preparation of the stable vat dye liquid 
dispersion. 

[0047] 

[Practical Examples] The present invention is further clarified by the following specific 
practical examples. All procedures were carried out within an adequately ventilated 
hood. 

[0048] Micelle-forming component 

A micelle-forming component represented by the following general formula was 
prepared as follows. 



20 



[0049] 
[Formula 4] 
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In the formula, the average value x of the polydispersed oligosaccharide portion is 5; n is 
4; and R is 1-naphthyl. 

[0050] One hundred and fifty g of alginic acid (super-hypo viscous alginic acid; KIBUN 
FOOD CHEMIFA, Co. Ltd, Japan) was added to 500 mL of deionized water in a 2000- 
mL beaker, to form a slurry state. While stirring from the top with a stirring machine, 
28.2 g of lithium hydroxide monohydrate was added to this slurry. Furthermore 
deionized water was added to a total volume of 600 mL. Then 100 g of 34.5 wt% 
hydrogen peroxide solution was added. The resultant solution was stirred for 4 hr, and 
then allowed to stand for 16 hr. Next, 1 mL n-nonanol as a defoaming agent and 40 mL 
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of a freshly prepared solution containing 0.65 g of ferrous sulfate heptahydrate were 
added to the alginic acid/hydrogen peroxide solution under stirring. The solution was 
stirred vigorously for 4 hr. Significant heat generation occurred during this period of 
time, which then subsided. This was followed by the addition of 45 g of 34.5 wt% 
hydrogen peroxide. The resultant solution was stirred for a short while, and then allowed 
to stand for 16 hr. Subsequently, mild heat generation occurred. After the generation of 
heat subsided, the color of the solution became dark. The mixture was heated to 50°C. 
The solution that turned dark was cooled to room temperature, and then filtered through a 
Whatman No. 1 filter paper. The filtrate was transferred to a 1-L flask, and then 
concentrated to 300 mL in a rotary evaporator connected to a recycle aspirator. The 
water bath temperature of the rotary evaporator was maintained at about 55°C. The dark- 
colored concentrated solution was transferred to a 1-L beaker, and then washed with 
water. Total volume was adjusted to 350 mL. Then 350 mL of glacial acetic acid was 
added to this solution under vigorous stirring, forming a soft precipitate. The mixture 
was sonicated for 30 min, and then allowed to stand for 16 hr. The solid material was 
separated by centrifuging the mixture in a desktop centrifuge. A portion of this solid 
material was transferred to four 100-mL centrifuge tubes, and centrifuged at 3500 rpm for 
1 hr. After the supernatants were discarded, the remaining uncentrifuged portion was 
transferred to the previous four centrifuge tubes. The centrifuge tubes that were full were 
centrifuged at 3500 rpm for 1 hr. After washing with 100 mL of water, the entire solid 
material was transferred to a 1-L polypropylene container. The polypropylene container 
was sealed and then allowed to stand in a constant temperature dryer at 60°C for 16 hr. 
Next, anhydrous ethanol was added slowly until the total volume became 1 L under 
vigorous stirring. The mixture was filtered through a Whatman No. 1 filter paper. The 
wet solid material was washed with 95% ethanol, and then was air-dried. Finally, the 
solid material was dried under reduced pressure to a specific weight. The yield of the 
product was 20 g. The procedure was repeated six times to obtain a total of about 120 g 
of product. The average degree of polymerization of the oligosaccharide was determined 
by the method of P. A. Shaffer and M. Somogyi (J. Biol. Chem. 1933, 100, 695-713). 
Galacturonic acid monohydrate recrystallized from water and ethanol was used as a 
standard for comparison with the monosaccharide by this method. The average degree of 
polymerization of the oligosaccharide sample was 7. The value for x, that is equivalent 
to average degree of polymerization by the above formula, is 5. 

[0051] The polyanionic nature of the oligosaccharide described above was confirmed by 
the method of P. J. Simms, A. T. Hotchkiss, Jr., P. L. Irwin and K. B. Hicks 
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(Carbohydrate Research, 1995, 278, 1-9) using high performance liquid chromatography 
(HPLC). A Hewlett Packard 1 100 Series high performance liquid chromatography 
instrument was used, with acetonitrile-sodium phosphate buffer solution (pH 5, 50:50) as 
mobile phase to elute the sample from a Cyclobond I column (Tokyo Kasei, 250 mm x 
4.6 mm). An oligosaccharide peak equivalent to a degree of polymerization of 3-10 was 
observed, and it was confirmed that the oligosaccharide component behaved as a 
polyanion at pH 5. From the standpoint of physicochemical principles, this behavior is 
presumed to be maintained in an aqueous solution with a pH value above 8. Similarly, it 
is presumed that a micelle- forming component prepared from this oligosaccharide by a 
method, which will be described in detail later, also behaves as a polyanion in an aqueous 
solution with a pH value above 8. 

[0052] Then 120 g of the oligosaccharide prepared above and 75 g of the branching 
polyamine "Astramol Am4" (DSM New Business Development, Netherlands) were 
dissolved in 500 mL of deionized water in a 5-L beaker. The beaker, without being 
covered, was allowed to stand for five days in a hood with thorough ventilation. Then 33 
g of sodium borohydride was added to the viscous solution obtained, under vigorous 
stirring from the top, with an agitator. The solution was allowed to stand for 16 hr after 
continuous stirring for 8 hr. Next, methanol was slowly added under vigorous stirring 
until the total volume became 5 L. A soft solid yellow material precipitated upon the 
addition of methanol. After the mixture was allowed to stand for 16 hr, a significant 
amount of the solid material precipitated. The supernatant was discarded, and then 
methanol was added under vigorous stirring until the total volume became 5 L. The 
mixture was again allowed to stand for 16 hr to precipitate the solid material. The 
supernatant was discarded so that the amount of methanol remaining in the solid slurry 
was as little as possible. 

[0053] Then 1.5 L of dimethyl sulfoxide and 70 g of 1 -naphthaldehyde were added to the 
slurry prepared above while under stirring. The slurry was heated to 55°C, and stirred for 
6 hr. After the mixture was allowed to stand for 16 hr, 200 mL of a methanol solution of 
sodium cyanoborohydride and tetraethylammonium [sic, hydroxide?] was added under 
vigorous stirring, which was prepared from 25 g of 95% sodium cyanoborohydride and 
70 g of tetraethylammonium chloride decomposed [sic] in methanol. The mixture was 
stirred for 8 hr and then allowed to stand for 16 hr. Next, 350 mL of a methanol solution 
of sodium cyanoborohydride and tetraethylammonium [sic, hydroxide?] was added, 
which was prepared from 100 g of 1 -naphthaldehyde, 40 g of 95% sodium 
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cyanoborohydride and 105 g of tetraethylammonium chloride decomposed [sic] in 
methanol. Trifluoroacetic acid was added dropwise until the entirety of the solid material 
was just dissolved under vigorous stirring. The amount of the trifluoroacetic acid added 
was about 140 g. The solution that was brownish yellow to brown was stirred for 8 hr, 
and then allowed to stand for 16 hr. The solution was heated to 55°C. It was further 
stirred for 10 hr, and then allowed to stand for 16 hr. Under vigorous stirring, 95% 
ethanol was added until the total volume reached 5 L. A soft yellowish white precipitate 
was formed as alcohol was added. The beaker was covered and allowed to stand for 40 
hr. More than half of the supernatant was discarded. The remaining mixture was 
transferred into a 100-mL centrifuge tube, followed by centrifugal separation at 3000 rpm 
for 30 min to separate the solid material. The separated wet solid material was suspended 
for 30 min in boiling methanol. The mixture was cooled to room temperature and then 
subjected to ultrafiltration with a glass filter with a fine pore (pore size: 16-40 microns). 
The solid was washed with methanol several times, and then air-dried. Finally, the solid 
was dried under reduced pressure until the weight became constant. The yield of the 
product was 210 g. 

[0054] Then 300 mg of the dried solid was introduced into 5 mL of deionized water, and 
5% lithium hydroxide was added dropwise to dissolve the solid. The pH of the solution 
was found to be 10 with a standard pH indicator paper. Homogenization was carried out 
by sonication for 5 min, and then a Photal Otsuka Electronics ELS-800 photon 
correlation photometer was used to measure the particle diameter of the micelle-forming 
component. The measured particle diameter was 78 nm. 

[0055] Preparation of liquid dispersion 
Yellow liquid dispersion 

Thirty g of the micelle-forming component (prepared above), 16 g of Indanthren Yellow 
5G (from Australia, NSW 203 1, Randwick, Batik Oetoro) and 400 mL of dimethyl 
sulfoxide were mixed in a 3-L beaker. The mixture was heated to 70°C, and was stirred 
vigorously from the top with an agitator for 2 hr. Next, the beaker was moved to an 
ultrasonic device and sonicated for 30 min. This treatment yielded a homogeneous 
solution. Under vigorous stirring from the top, isopropyl alcohol was added until the 
total volume reached 2.5 L. A solid yellow material precipitated upon the addition of 
isopropyl alcohol. After allowing the mixture to stand for 16 hr, the solid material was 
clearly separated from the supernatant. The majority of the supernatant was discarded, 
and the remainder was put into a 100-mL centrifuge tube, followed by centrifugal 
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separation at 3500 rpm for 1 nr. The solid material was added to 300 g of deionized 
water containing 5 g of lithium hydroxide monohydrates. The mixture was stirred with a 
magnetic stirrer for 2 hr, obtaining a homogeneous liquid dispersion. After sonication for 
15 min, the liquid dispersion was filtered through a 5-micron membrane filter, removing 
a small amount of insoluble material. The pH of the liquid dispersion at that point was 
measured with a pH meter as 1 1 .5. A laboratory Millipore Minitan equipped with 10,000 
NMWL low-binding regenerated cellulose filters (ten sheets) was used to perform 
ultrafiltration, removing excessive lithium hydroxide, isopropyl alcohol and dimethyl 
sulfoxide from the liquid dispersion. To the liquid dispersion, deionized water (1500 
mL) was added in several aliquots to compensate the loss of waste liquid. After the final 
addition of deionized water, the liquid dispersion was concentrated to about 80 mL. 
Then, deionized water was added dropwise to adjust the weight of the liquid dispersion to 
128 g. The pH of the generated yellow liquid dispersion was 9.5. The particle diameter 
measured with a Photal Otsuka Electronics ELS-800 photon correlation photometer was 
101 nm. 

[0056] Red liquid dispersion 

Thirty g of the micelle-forming component prepared above, 15 g of Indanthren Red 3B 
(from Australia, NSW 203 1, Randwick, Batik Oetoro) and 500 mL of N-methyl-2- 
pyrrolidone were mixed in a 3-L beaker. The mixture was heated to 70°C and was stirred 
vigorously from the top with an agitator for 2 hr. Next, the beaker was moved to an 
ultrasonic device and sonication was performed for 30 min. A homogeneous solution 
was obtained by this processing. Under vigorous stirring from the top, 95% ethanol was 
added to the mixture to a total volume of 3 L. A solid state red material was precipitated 
by the addition of 95% ethanol. When the mixture was allowed to stand for 16 hr, the 
solid material was clearly separated from the supernatant. The majority of the 
supernatant was discarded, and the remainder was put into a 100-mL centrifuge tube, 
followed by centrifugal separation at 3500 rpm for 1 hr. The solid material was added to 
300 g of deionized water containing 5 g of lithium hydroxide monohydrate. The mixture 
was stirred with a magnetic stirrer for 2 hr, obtaining a homogeneous liquid dispersion. 
After performing sonication of the liquid dispersion for 15 min, the liquid dispersion was 
filtered through a 5-micron membrane filter, removing a small amount of insoluble 
material. The pH of the liquid dispersion at that point was measured with a pH meter as 
1 1 .7. Laboratory Millipore Minitan equipped with 10,000 NMWL low binding 
regenerated cellulose filters (ten sheets) was used to perform ultrafiltration, removing 
excessive lithium hydroxide, ethanol and N-methyl-2-pyrrolidone from the liquid 
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dispersion. To the liquid dispersion, deionized water (1500 mL) was added in several 
aliquots to compensate the loss of waste liquid. After final addition of deionized water, 
the liquid dispersion was concentrated to about 75 mL. Then, deionized water was added 
dropwise to adjust the weight of the liquid dispersion to 125 g. The pH of the generated 
red liquid dispersion was 9.5. The particle diameter measured with a Phota. Otsuka 
Electronics ELS-800 photon correlation photometer was 98 nm. 

[0057] Blue liquid dispersion 

Thirty g of the micelle-forming component prepared above, 12 g of Indanthren Blue BC 
(from Australia, NSW 2031, Randwick, Batik Oetoro) and 500 mL of N-methyl-2- 
pyrrolidone were mixed in a 3-L beaker. The mixture was heated to 70°C and was stirred 
vigorously from the top with an agitator for 2 hr. Next, the beaker was moved to an 
ultrasonic device and sonication was performed for 30 min. A homogeneous solution 
was obtained by this processing. Under vigorous stirring from the top, 1 L of ethanol 
containing 25 g of tetramethylammonium hydroxide pentahydrate was added to the 
mixture. A solid state blue material was precipitated by the addition of the alkaline 
solution. When the mixture was allowed to stand for 16 hr, the solid material was clearly 
separated from the supernatant. The majority of the supernatant was discarded, and the 
remainder was introduced into a 100-mL centrifuge tube, followed by centrifugal 
separation at 3500 rpm for 1 hr. The solid material was added to 300 g of deionized 
water containing 20 g of lithium trifluoromethanesulfonate. The mixture was stirred with 
a magnetic stirrer for 2 hr, obtaining a homogeneous liquid dispersion. After performing 
sonication of the liquid dispersion for 1 5 min, the liquid dispersion was filtered through a 
5-micron membrane filter, removing a small amount of insoluble material. The pH of the 
liquid dispersion at that point was measured with a pH meter as 1 1 .6. A laboratory 
Millipore Minitan equipped with 10,000 NMWL low binding regenerated cellulose filters 
(ten sheets) was used to perform ultrafiltration, removing the excess lithium hydroxide, 
tetramethylammonium salt, ethanol and N-methyl-2-pyrrolidone from the liquid 
dispersion. To the liquid dispersion, deionized water (1500 mL) was added in several 
aliquots to compensate the loss of waste liquid. After final addition of deionized water, 
the liquid dispersion was concentrated to about 70 mL. Then, deionized water was added 
dropwise to adjust the weight of the liquid dispersion to 120 g. The pH of the generated 
red liquid dispersion was 9.5. The particle diameter measured with Photal Otsuka 
Electronics ELS-800 photon correlation photometer was 91 nm. 
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[0058] Black liquid dispersion 

Thirty g of the micelle- forming component prepared above, 20 g of Indanthren Black AC 
(from Australia, NSW 2031, Randwick, Batik Oetoro) and 500 mL of dimethyl sulfoxide 
were mixed in a 3-L beaker. The mixture was heated to 60°C and was stirred vigorously 
from the top with an agitator for 2 hr. Next, the beaker was moved to an ultrasonic 
device and sonication was performed for 30 min. A homogeneous solution was obtained 
by this processing. Under vigorous stirring from the top, 1 L of ethanol containing 25 g 
of tetramethylammonium hydroxide pentahydrate was added to the mixture. A solid 
black material was precipitated by the addition of the alkaline solution. When the 
mixture was allowed to stand for 16 hr, the solid material was clearly separated from the 
supernatant. The majority of the supernatant was discarded, and the remainder was 
introduced into a 100-mL centrifuge tube, followed by centrifugal separation at 3500 rpm 
for 1 hr. The solid material was added to 300 g of deionized water containing 20 g of 
lithium trifluoromethanesulfonate. The mixture was stirred with a magnetic stirrer for 2 
hr, obtaining a homogeneous liquid dispersion. After performing sonication of the liquid 
dispersion for 15 min, the liquid dispersion was filtered through a 5-micron membrane 
filter, removing a small amount of insoluble material. The pH of the liquid dispersion at 
that point was measured with a pH meter as 1 1.5. Laboratory Millipore Minitan 
equipped with 10,000 NMWL low binding regenerated cellulose filters (ten sheets) was 
used to perform ultrafiltration, removing the excess lithium salt, tetramethylammonium 
salt, ethanol and dimethyl sulfoxide from the liquid dispersion. To the liquid dispersion, 
deionized water (1500 mL) was added in several aliquots to compensate the loss of waste 
liquid. After final addition of deionized water, the liquid dispersion was concentrated to 
about 90 mL. Then, deionized water was added dropwise to adjust the weight of the 
liquid dispersion to 135 g. The pH of the generated red liquid dispersion was 9.5. The 
particle diameter measured with Photal Otsuka Electronics ELS-800 photon correlation 
photometer was 106 nm. 

[0059] Preparation of general ink 

Under stirring, the components indicated in the following Table 1 were introduced into a 
beaker in a particular order. The mixture was agitated for 3 hr. Next, the mixture was 
filtered through a 5-micron membrane filter, obtaining an ink suitable for an inkjet 
printer. In Table 1 the following symbols were used: water = W; glycerol = GLY; 2- 
pyrrolidone = 2P; triethylene glycol = TEG; triethylene glycol mono-n-butyl ether = 
TEG-mBE; and Surfynol 465 (product name, Air Products, Inc) = S465. The measured 
viscosity value for each of the four inks with a density of 1.08 g/mL was 4.2 mPa-s. 
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[0060] 
[Table 1] 



ink 


ink composition 


yellow ink 


yellow liquid dispersion(96), W(52), 2P(4), 
GLY(30), TEG(6), TEG-mBE(lO), 
S465(2) 


red ink 


red liquid dispersion(83), W(65), 2P(4), 
GLY(30), TEG(6), TEG-mBE(lO), 
S465(2) 


blue ink 


blue liquid dispersion(67), W(77), 2P(4), 
GLY(30), TEG(8), TEG-mBE(lO), 
S465(2) 


black ink 


black liquid dispersion(76), W(81), 2P(5), 
GLY(22), TEG(4), TEG-mBE(lO), 
S465(2) 



[0061] The numbers in parentheses in the table represent additional amounts (g). 



[0062] Comparative Examples 

Comparative Example Liquid dispersion A 

The same procedures as those for preparing the above yellow liquid dispersion were 
performed, except that 30 g of Joncryl 1682 (product name, Johnson Polymers Inc.) was 
used instead of the micelle-forming component used for the above preparation of the 
yellow liquid dispersion. Before attempting this comparative example, 1300 mg of 
Joncryl 682 was added to 5 mL of deionized water, and dissolved by dropwise addition of 
5% lithium hydroxide solution. The pH of the resultant solution was measured with a 
standard pH indicator paper as 10. After performing sonication of the solution for 5 min 
for homogenization, the particle diameter was measured with Photal Otsuka Electronics 
ELS-800 photon correlation photometer. However, the measurement of the sample could 
not be completed: no evidence of formation of micelles was obtained. Thirty g of 
Joncryl 682, 16 g of Indanthren Yellow 5G and 400 mL of dimethyl sulfoxide were 
mixed in a 3-L beaker. The mixture was heated to 70°C and was stirred vigorously from 
the top with an agitator for 2 hr. Next, the beaker was moved to an ultrasonic device and 
sonication was performed for 30 min. A homogeneous solution was not obtained even by 
this processing. Under vigorous stirring from the top, isopropyl alcohol was added to the 
mixture to a total volume of 2.5 L. A heterogeneous solid yellow material was 
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precipitated by the addition of isopropyl alcohol. When the mixture was allowed to stand 
for 16 hr, the solid was clearly separated from supernatant. The majority of the 
supernatant was discarded, and the remainder was put into a 100-mL centrifuge tube, 
followed by centrifugal separation at 3500 rpm for 1 hr. The solid material was added to 
300 g of deionized water containing 5 g of lithium hydroxide monohydrate, obtaining a 
mixture containing large yellow crystals. Even after stirring for 4 hr, the product did not 
become homogeneous. Sonication treatment was not effective either. When filtered 
through a 10-micron mesh made of stainless steel, the yellow crystals were almost 
completely separated from the colorless filtrate. Since a homogeneous liquid dispersion 
was not obtained, this sample could not be evaluated any further. 

[0063] Comparative Example Liquid dispersion B 

The same procedures as those for preparing the above red liquid dispersion were 
performed, except that 30 g of the free acid of Demol AS (product name, Kao) was used 
instead of the micelle-forming component that was used for the above preparation of the 
red liquid dispersion. Fifty g of Demol AS was dissolved in 500 g of deionized water, 
and then applied onto an ion-exchange column packed with 300 g of the strongly acidic 
ion-exchange resin Dowex 50WX2-200. The eluate was concentrated in a rotary 
evaporator to remove the water. The solid was dried under reduced pressure. Before 
attempting this comparative example, 300 mg of the dried solid material was added to 5 
mL of deionized water and was dissolved by dropwise addition of a 5% lithium 
hydroxide solution. The pH of the resultant solution was measured with a standard pH 
indicator paper as 10. After performing sonication of the solution for 5 min for 
homogenization, the particle diameter was measured with Photal Otsuka Electronics 
ELS-800 photon correlation photometer. However, the measurement of the sample could 
not be completed: no evidence of formation of micelles was obtained. Then 30 g of the 
free acid of Demol AS, 15 g of Indanthren Red 3B and 500 mL of N-methyl-2- 
pyrrolidone were mixed in a 3-L beaker. The mixture was heated to 70°C and was stirred 
vigorously from the top with an agitator for 2 hr. Next, the beaker was moved to an 
ultrasonic device and sonication was performed for 30 min. A homogeneous solution 
was not obtained even by this processing. Under vigorous stirring from the top, 95% 
ethanol was added to the mixture to a total volume of 3 L. A heterogeneous solid red 
material was precipitated by the addition of 95% ethanol. When the mixture was allowed 
to stand for 16 hr, the solid was clearly separated from the supernatant. The majority of 
the supernatant was discarded, and the remainder was introduced into a 100-mL 
centrifuge tube, followed by centrifugal separation at 3500 rpm for 1 hr. The solid 
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material was added to 300 g of deionized water containing 5 g of lithium hydroxide 
monohydrate, obtaining a mixture containing large red crystals. Even after stirring for 4 
hr, it did not become homogeneous. Sonication treatment was not effective either. When 
filtered through a 10-micron mesh made from stainless steel, the red crystals were almost 
separated from the almost colorless filtrate. Since a homogeneous liquid dispersion was 
not obtained, this sample could not be evaluated any further. 

[0064] Comparative Example Liquid dispersion C 

The same procedures as those for preparing the above blue liquid dispersion were 
performed, except that a styrene-maleic acid copolymer partially containing isobutyl ester 
(Sigma-Aldrich Co.) was used instead of the micelle-forming component used for the 
above preparation of the blue liquid dispersion. Before attempting this comparative 
example, 300 mg of the styrene-maleic acid copolymer partially containing isobutyl ester 
was added to 5 mL of deionized water, and dissolved by dropwise addition of a 5% 
lithium hydroxide solution. The pH of the resultant solution was measured with a 
standard pH indicator paper as 10. After performing sonication of the solution for 5 min 
for homogenization, the particle diameter was measured with a Photal Otsuka Electronics 
ELS-800 photon correlation photometer. However, the measurement of the sample could 
not be completed: no evidence for the formation of micelles was obtained. 

[0065] Thirty g of the styrene-maleic acid copolymer partially containing isobutyl ester, 
12 g of Indanthren Blue BC and 500 mL of N-methyl-2-pyrrolidone were mixed in a 3-L 
beaker. The mixture was heated to 70°C and was stirred vigorously from the top with an 
agitator for 2 hr. Next, the beaker was moved to an ultrasonic device and sonication was 
performed for 30 min. A homogeneous solution was not obtained even by this 
processing. Under vigorous stirring from the top, 1 L of ethanol containing 25 g of 
tetramethylammonium hydroxide pentahydrate was added to the mixture. A 
heterogeneous solid blue material was precipitated by the addition of the alkaline 
solution. When the mixture was allowed to stand for 16 hr, the solid material was clearly 
separated from supernatant. The majority of the supernatant was discarded, and the 
remainder was introduced into a 100-mL centrifuge tube, followed by centrifugal 
separation at 3500 rpm for 1 hr. The solid material was added to 300 g of deionized 
water containing 20 g of lithium trifluoromethanesulfonate, obtaining a mixture 
containing large blue crystals. Even after stirring for 4 hr, it did not become 
homogeneous. Sonication treatment was not effective either. When filtered through a 
10-micron mesh made from stainless steel, the blue crystals were separated from the 
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almost colorless filtrate. Since a homogeneous liquid dispersion was not obtained, this 
sample could not be evaluated any further. 

[0066] Comparative Example Liquid dispersion D 

The same procedures as those for preparing the above black liquid dispersion were 
performed, except that 30 g of the free acid of styrenesulfonic acid-maleic acid 
copolymer sodium salt (Sigma-Aldrich Co.) was used instead of the micelle-forming 
component used for the above preparation of black liquid dispersion. Forty g of the 
styrenesulfonic acid-maleic acid copolymer sodium salt was dissolved in 500 g of 
deionized water, and then applied onto an ion exchange column packed with 350 g of the 
strongly acidic ion-exchange resin Dowex 50WX2-200. The eluate was concentrated in a 
rotary evaporator to remove the water. The solid material was dried under reduced 
pressure. Before attempting this comparative example, 300 mg of the dried solid material 
was added to 5 mL of deionized water, and dissolved by dropwise addition of 5% lithium 
hydroxide solution. The pH of the resultant solution was measured with a standard pH 
indicator paper as 10. After performing sonication of the solution for 5 min for 
homogenization, the particle diameter was measured with a Photal Otsuka Electronics 
ELS-800 photon correlation photometer. However, the measurement of the sample could 
not be completed: no evidence for formation of micelles was obtained. Thirty g of the 
free acid of styrenesulfonic acid-maleic acid copolymer sodium salt, 20 g of Indanthren 
Black AC and 500 mL of dimethyl sulfoxide were mixed in a 3-L beaker. The mixture 
was heated to 60°C and was stirred vigorously from the top with an agitator for 2 hr. 
Next, the beaker was moved to an ultrasonic device and sonication was performed for 30 
min. A homogeneous solution was not obtained even by this processing. Under vigorous 
stirring from the top, 1 L of ethanol containing 25 g of tetramethylammonium hydroxide 
pentahydrate was added to the mixture. A heterogeneous solid state black material was 
precipitated by the addition of the alkaline solution. When the mixture was allowed to 
stand for 16 hr, the solid material was clearly separated from the supernatant. The 
majority of the supernatant was discarded, and the remainder was introduced into a 100- 
mL centrifuge tube, followed by centrifugal separation at 3500 rpm for 1 hr. The solid 
material was added to 300 g of deionized water containing 20 g of lithium 
trifiuoromethanesulfonate, obtaining a mixture containing large black crystals. Even 
after stirring for 4 hr, it did not become homogeneous. Sonication treatment was not 
effective either. When filtered through a 10-micron mesh made from stainless steel, the 
black crystals were separated from the almost colorless filtrate. Since a homogeneous 
liquid dispersion was not obtained, this sample could not be evaluated any further. 
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[0067] Evaluation of the inks 

As described below, the dependability, color gamut on ordinary and special papers, light 
resistance, ozone resistance, water resistance, moisture resistance and abrasion resistance 
of the inks shown in Table 1 were evaluated. 

[0068] Test on dependability of continuous printing 

Under continuous printing conditions, the dependability of the above inks was evaluated 
as follows. First, a heat-seal aluminum pack was filled with the ink, and sealed after 
degassing, which was then loaded into the black ink printing head of a PM-900C printer 
(product name, Seiko Epson). In order to first confirm that the ink is injected in the right 
direction from all nozzles (the angle deviation of the droplets of the ink injected from a 
nozzle is less than about ±0.5°), a line pattern was printed using all the nozzles. The 
printing pattern was changed to a solid block pattern of 360 dpi printed to the limit of the 
A4 form, and the printing speed was set to a rate of about four sheets per min. The block 
pattern was printed continuously for 5000 sheets. All the nozzles showed good 
directivity with all four inks tested. Over the 5000 sheets, no nozzle with missing print 
was observed. 

[0069] Test on long-term storage dependability 

The dependability of the above inks for long-term storage at print head was evaluated as 
follows. First, the ink was filled into a heat-sealed aluminum pack after degassing, which 
was then loaded into the black ink printing head of an MJ-510 printer (product name, 
Seiko Epson). In order to first confirm that the ink is injected in the right direction from 
all nozzles, a line pattern was printed using all the nozzles. The ink supplying part was 
removed from the print head, and then the print head was removed from the printer. The 
print head with cap removed was stored in an incubator at 40°C for 4 days. Then, again 
the print head was installed on the printer, and the ink-supplying part was installed on the 
print head. Printer screening procedures were carried out, and a line pattern was printed 
using all nozzles. All nozzles printed in the right direction. The screening procedure and 
line pattern printing were repeated. For all four inks tested, the screening procedures 
were repeated less than 4 times before complete recovery was seen, which suggests that 
the dependability was at a satisfactory level. 
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[0070] Test on heat cycle dependability 

The dependability of the above inks over two extreme temperatures (-30°C-60°C) was 
evaluated as follows. First, the ink was degassed and filled into a 30-mL glass sample 
bottle. The sample bottle was placed in an incubator at 60°C, and stored at the same 
temperature for 24 hr. The sample was moved from the incubator to a constant 
temperature freezer at -30°C, and stored at the same temperature for 24 hr. The cycle 
between two temperatures was repeated a total of 10 times. After the last cycle was 
completed, the ink was thawed at room temperature and the glass sample bottle was 
inverted gently several times. The occurrence of any precipitate on the bottom of the 
sample bottle was examined. Precipitation was not observed for any of the four inks 
tested, which suggests that the dependability was at a satisfactory level. 

[0071] Evaluation of color gamut 

Standard color patches for performing CIELAB color measurement assessment were 
printed using the Spectrolino of Gretag-Macbeth equipped the Spectroscan table, on 
ordinary and special papers. The representative of ordinary papers was the Xerox 4024 
(Xerox Corp.), while that for special papers was the Premium Semigloss photographic 
paper of Epson. A Stylus Color 980 printer (product name, Seiko Epson) was used to 
print the four inks of the present invention. The standard ink for the Stylus Color 980 
printer was used as a representative of dye-based inks prepared with a water-soluble dye. 
As a representative of pigment-based inks, the standard ink for Stylus Photo 2000P 
(product name, Seiko Epson) was used, and printed on the same printer. The gamut 
values on the above two papers are shown in Table 2. As shown in the table, the ink of 
the present invention showed a chroma equal to or better than that of the dye-based ink 
prepared using a water-soluble dye on both papers. As shown in Table 2, the ink of the 
present invention had a color gamut wider than that of the commercially available 
pigment-based ink on the ordinary paper. The color gamut of the ink of the present 
invention on the special paper was equal to that of the commercially available pigment- 
based ink. 
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[0072] 
[Table 2] 



ink (four colors) 


ink of the present 
invention 


standard ink for SC 
980 


standard ink for SP 
2000P 


paper for evaluation 


Xerox 4024 
(ordinary paper) 


22 


21 


12 


Premium Semigloss 
Photographic paper 
(special paper) 


71 


71 


75 



[0073] In the table, SC 980 is the printer Stylus Color 980; and SP 2000P is the printer 
Stylus Photo 2000P. 

[0074] Test on light resistance 

The Stylus Color 980 printer (product name, Seiko Epson) was used, and the standard 
color patches were printed using the four inks of the present invention on the Premium 
Semigloss Photograph paper from Epson. After drying overnight, the color patches were 
framed with glass cover. Subsequently, the framed test piece was loaded into a 5.4 klux 
fluorescence tenebrescence unit. The environment of the unit was set as 60% relative 
humidity at a temperature of 24°C. Using the Spectrolino of Gretag-Macbeth equipped 
with the Spectroscan table unit, the CIELAB colorimetric value AE of the color patch that 
had undergone tenebrescence was measured, and was compared with a color patch that 
was not exposed. At 4, 8, 12, 16, and 20 weeks, each test piece was taken out and the AE 
value was measured. The AE values were plotted against klux-hr. All the four colors 
showed a linear line. The cutoff AE value was set at 7, and average daily light exposure 
was 5 klux hr. The light resistance of all the four inks was calculated as more than 60 
years. This result was equal to or better than the highest value ever obtained with color 
photography. Thus, it was concluded that the ink of the present invention has a high level 
of light resistance. 

[0075] Test on ozone resistance 

The Stylus Color 980 printer (product name, Seiko Epson) was used to print standard 
color patches of the four inks of the present invention on the Premium Semigloss 



34 



photographic paper from Epson. Comparative color patches were printed on the same 
paper using the Stylus Color 980 printer and the dye-based standard ink for this computer 
and the Stylus Photo 2000P printer (product name, Seiko Epson) and the pigment-based 
standard ink for this computer. After drying overnight, the color patches were framed 
without glass cover. Subsequently, the framed test piece was placed in an ozone 
exposure room. The environment of the unit was set as 60% relative humidity at a 
temperature of 24°C and at an ozone concentration of 0.400 ppm. Using the Spectrolino 
of Gretag-Macbeth equipped with the Spectroscan table unit, the CIELAB colorimetric 
value AE of the color patch that had undergone tenebrescence was measured, and was 
compared with a color patch that was not exposed. At 2, 4, and 6 days and 1 , 2, 3, 4, 6, 8 
and 10 weeks each, a test piece was taken out and the AE value was measured. Thus, the 
data on AE value vs. time of all four colors of each ink set were obtained. The AE values 
were plotted against time. The curves showed an increase with a steep slope at the first 
4-5 time points, and then there was a gradual linear increase. With all the inks of the 
present invention, the final AE value was smaller than 10. Compared with the set of the 
dye-based inks, the tenebrescence of cyanogen was significant, with a final AE value 
larger than 30. Compared with the set of pigment-based inks, the tenebrescence of 
cyanogen was significant, with a final AE value larger than 15. For the inks of the 
present invention, a certain degree of ozone tenebrescence was also observed, but the 
degree was smaller than those with the commercially available dye-based and pigment- 
based inks. Therefore, it was concluded that the ink of the present invention has a high 
level of ozone resistance. 

[0076] Test on water resistance 

The Stylus Color 980 printer (product name, Seiko Epson) was used to print standard 
color patches (2 cm x 2 cm) of the four inks of the present invention on Xerox 4024 
ordinary paper. After drying overnight, a disposable 1-mL pipette was used to carefully 
drip 1 drop of deionized water on the center of each patch. After drying for 24 hr, the test 
piece was examined visually. Color migration toward unprinted areas on the color patch 
was not observed for any of the four colors. Therefore, it was concluded that the ink of 
the present invention has a high level of water resistance. 

[0077] Test on moisture resistance 

The Stylus Color 980 printer (product name, Seiko Epson) was used to print standard 
color patches of the four inks of the present invention on the Premium Semigloss 
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photographic paper from Epson. After drying for 24 hr, the color patches were framed 
without glass cover. Subsequently, the framed test piece was placed in a moisture test 
room. The environment of the moisture test room was set as 70% relative humidity at a 
temperature of 24°C. Using Spectrolino of Gretag-Macbeth equipped with the 
Spectroscan table unit, the CIELAB colorimetric value AE of the color patch that had 
been exposed to moisture was measured, and was compared with a color patch that was 
not exposed. At 10, 20, 40, 60 and 80 days, each test piece was taken out and the AE 
value was measured. The increase in AE value vs. sampling time was very little. With 
all four colors, the AE values obtained by fitting based on log regression analysis were 
smaller than 6 after 50-years exposure to moisture. Therefore, it was concluded that the 
ink of the present invention has a high level of moisture resistance. 

[0078] Test on abrasion resistance 

The Stylus Color 980 printer (product name, Seiko Epson) was used to print text samples 
with the four inks of the present invention on Premium Semigloss photographic paper 
from Epson. After drying for 24 hr, a yellow marker pen (Zebra Pen 2) was used to 
continuously rub the same portion of the text twice. In order to measure the rough 
pressure at rubbing, the rubbing was performed on a balance. The rubbing pressure was 
300 g with an error of ± 50 g on both occasions. For none of the four colors, color 
transcription into unprinted areas was observed. Therefore, it was concluded that the ink 
of the present invention has a high level of abrasion resistance. 
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